UNIVERSITY K 


OF MICHIGAN 
APRIL 1955 MAY & 1955 NO. 2 


SCIENCE 
LIBRARY 


PACIFIC SCIENCE 


A QUARTERLY DEVOTED TO THE BIOLOGICAL 
AND PHYSICAL SCIENCES OF THE PACIFIC REGION 


IN THIS ISSUE: Howland — Howland Island Birds and 
Rats, 1854 @ Allen — Breeding Temperatures of Mytilus 


@ Ostergaard — Opistbobranchiate Mollusca from Hawaii 


@ deLaubenfels — Sponges of Onotoa @ Hurley — New 
Zealand Ampbipodan Fauna @ Gosline — Gobioid Fishes 
of Genera Kraemeria and Microdesmus @ Marples — 
Rattus exulans in Western Samoa @ Shiino — Alebion 
echinatus from Japanese Waters @ Hidaka — Study of 
Pacific Ocean Circulation @ Belkin — Tripteroides Mos- 
quitoes in Melanesia @ Berner — Pelagic Tunicates from 
Eastern Pacific @ News Notes 


UNIVERSITY OF HAWAII PRESS 





BOARD OF EDITORS 


LEONARD D. TUTHILL, Editor-in-Chief 
Department of Zoology and Entomology, University of Hawaii 


O. A. BUSHNELL, Associate Editor 
Department of Bacteriology, University of Hawaii 


MARION P. GODDARD, Assistant to the Editors 
Office of Publications and Information, University of Hawaii 


VERNON E. BROCK 
Division of Fish and Game 
Territorial Board of Agriculture and Forestry 
Honolulu, Hawaii 


TOWNSEND CROMWELL 
Scripps Institution of Oceanography 
La Jolla, California 


MAXWELL S. Doty 
Department of Botany, University of Hawaii 


WILLIAM A. GOSLINE 
Department of Zoology and Entomology 
University of Hawaii 


WILLIAM HOAR 
Department of Zoology 
University of British Columbia 
Vancouver, British Columbia, Canada 


WENDELL A. MoRDY 
Department of Meteorology 
Pineapple Research Institute 

Honolulu 14, Hawaii 


MARIE C. NEAL 
Botanist, Bernice P. Bishop Museum 
Honolulu, Hawaii 


YAICHIRO OKADA 
Dean, Faculty of Fisheries 
Prefectural University of Mie 
Otanimachi, Tsu, Mie Prefecture 
Japan 
HAROLD S. PALMER 
Department of Geology, University of Hawaii 


G. DONALD SHERMAN 
Chemist, University of Hawaii 
Hawaii Agricultural Experiment Station 


CLAUDE E. ZOBELL 
Scripps Institution of Oceanography 
La Jolla, California 


R. H. VAN ZWALUWENBURG 
Entomologist . 
Experiment Station 
Hawaiian Sugar Planters’ Association 
Honolulu, Hawaii 


THOMAS NICKERSON, Managing Editor 
Office of Publications and Information, University of Hawaii 





SUGGESTIONS 


Contributions to Pacific biological and physical 
science will be welcomed from authors in all parts of 
the world. (The fields of anthropology, agriculture, 
engineering, and medicine are not included.) Manu- 
scripts may be addressed to the Editor-in-Chief, 
PACIFIC SCIENCE, University of Hawaii, Honolulu 
14, Hawaii, or to individual members of the Board 
of Editors. Use of air mail is recommended for all 
communications. 


Manuscripts will be acknowledged when received 
and will be read promptly by members of the Board 
of Editors or other competent critics. Authors will be 
notified as soon as possible of the decision reached. 


TO AUTHORS 


Manuscripts of any length may be submitted, but 
it is suggested that authors inquire concerning possi- 
bilities of publication of papers of over 30 printed 
pages before sending their manuscript. Authors should 
not overlook the need for good brief papers, presenting 
results of studies, notes and queries, communications 
to the editor, or other commentary. 

PREPARATION OF MANUSCRIPT 

Although no manuscript will be rejected merely 
because it does not conform to the style of PACIFIC 
SCIENCE, it is suggested that authors follow the style 
recommended herein and exemplified in the journal. 

(Continued on inside back cover) 














PACIFIC SCIENCE 


A QUARTERLY DEVOTED TO THE BIOLOGICAL 
AND PHYSICAL SCIENCES OF THE PACIFIC REGION 





VOL. IX APRIL, 1955 NO. 2 





Previous issue published January 6, 1955 


CONTENTS 


Howland Island. Its Birds and Rats, as Observed by a Certain 
Mr. Stetson in 1854. Llewellyn Howland 
Identity of Breeding Temperatures in Southern and Northern Hemisphere 
Species of Mytilus (Lamellibranchia). F. E. Allen . 
Some Opisthobranchiate Mollusca from Hawaii. Jens Mathias Ostergaard . 
Sponges of Onotoa. M. W. deLaubenfels . 


Studies on the New Zealand Amphipodan Fauna No. 8. Terrestrial 
Amphipods of the Genus Talitrus Latr. D. E. Hurley 


The Osteology and Relationships of Certain Gobioid Fishes, with Particular 
Reterence to the Genera Kraemeria and Microdesmus. William A. Gosline . 
Rattus exulans sn Western Samoa. R. R. Marples . 


Alebion echinatus Capart from Japanese Waters. with Observations 
i : 
2 the Newly Found Male Form. Sueo M. Shiino . 


A Theoretical Stud) on the General Circulation of the Pacific 
Ocean. Koji Hidaka 


The Tripteroides caledonica Complex of Mosquitoes in Melanesia 
(Diptera: Culicidae). John N. Belkin . 


Two New Pelagic Tunicates from the Eastern Pacific Ocean. Leo D. Berner 
NEWS NOTES 


PACIFIC SCIENCE is published quarterly by the University of Hawaii Press, in January, 
April, July, and October. Subscription price is $3.00 a year; single copies are $1.00. 
Check or money order payable to University of Hawaii should be sent to University of 
Hawaii Press, Honolulu 14, Hawaii, U.S.A. 








Howland Island, Its Birds and Rats, as Observed by 
a Certain Mr. Stetson in 1854 


LLEWELLYN HOWLAND! 


THE FOLLOWING ACCOUNT of a visit to How- 
land Island in 1854 is an abridged fragment 
of a communication from a Mr. Stetson ad- 
dressed to my grandfather and his half brother, 
partners in the firm of George and Mathew 
Howland of New Bedford. Unfortunately all 
information concerning Mr. Stetson, even his 
initials, is lost to us. Indeed the original of 
his manuscript has disappeared, in all like- 
lihood having been destroyed with other 
records of the United States Guano Company 
when my grandfather's counting house in the 
“Candle Works,’ Hillman Street, was cleaned 
out between 1884 and 1886, soon after his 
death. My uncle, the late Mathew Morris 
Howland of Jacksonville, Florida, made a 
copy of the part of Stetson’s report which I 
assume he, in going over his father’s papers 
in the counting house, thought he would like 
to preserve for future reference, and that copy 
is reproduced in part here. 

Such is the history of the Stetson report so 
far as I know it. I will add that my uncle 
Morris Howland and I were for many years 
after my grandfather’s death affectionate rel- 
atives and good companions, with added 
bonds of sympathy, a love of the sea, retentive 
memories, and a deep interest in the history 
of the Howland family. The Stetson report, 
and the man himself, were frequently the 
subjects of conversation when we were on 
outdoor expeditions or otherwise together; 
so that I am willing to bet my head against 
a football that the report is authentic except- 
ing the detail of the name of the ship and 


' Hope’s Garden, South Dartmouth, Massachusetts. 
Manuscript received July 7, 1954. 


captain involved, and even in this item I have 
checked the available shipping records and 
am of the opinion that “Rousseau’’ and Cap- 
tain Pope are the means whereby the survey 
was made. 

To my knowledge the report never has 
been published. I referred to it briefly in my 
book Sou’ West and West of Cape Cod (1947), 
as did G. E. Hutchinson in his Biogeochemistry 
of Vertebrate Excretion (1950). 

I have only a short note to add to the 
island's history. My ownership of the island 
consisted of my having bought out all right, 
title, and interest of those of the family who 
might, through inheritance of the U. S. Guano 
Company, have a legal claim. When I pre- 
sented my case to the United States Govern- 
ment in 1926 my friend, Assistant Secretary 
of State William Phillips, gave me his opin- 
ion, quoting chapter and verse from docu- 
ments in Government files, that British 
subjects had established squatters rights and 
if I was prepared to guarantee costs of $50,000 
the State Department would be glad to pre- 
sent my case to the British Government. Not 
choosing to so obligate myself at the time 
and learning later that the British Government 
and the United States had come to an under- 
standing that while the United States should 
take title to the island, Great Britain, under 
a contract, would have equal rights to use it 
as a flying field, I abandoned all thought of 
my claim to this remote property. 

Mr. J. C. Greenway, Jr. has kindly assisted 
in arranging for publication of this paper and 
has written the natural history notes and ob- 
servations which follow the Stetson letter. 
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TO: George and Matthew Howland 
New Bedford, 
Mass. 


Dear Friends: 


At thy request I submit herewith a report of my activities while engaged in the 
investigations of thy property known as “Howland Island” in the Pacific Ocean 
[about 1600 miles south of Honolulu]. 

Agreeable to thy arrangements and instructions I joined thy bark “ROUSSEAU 
at New Bedford on the 10th month [October] 15th day of 1853... 

At 5 bells in the forenoon watch on the 28th, [April, 1854] we raised land which 
proved to be Baker Island and in a short time after had Howland Island in sight . . . 

I spent this day checking up and preparing the supplies and gear that I proposed 
to take ashore with me. At Captain Pope’s suggestion, I had several weeks before 
made arrangements with two members of the crew, Obed Handy, a young man of 
superior intelligence, and Cotton Bole Snow, a colored boy who could cook to some 
extent, whereby they agreed to act as my assistant and servant respectively during 
my sojourn on the Island . . . I prepared two large tents and spare canvas and poles 
for extra coverage in case of loss or damage to the tents. As there was no indication 
of sweet drinking water from the discovery report, a sufficient supply in bbls. for 3 
months was prepared . . . Lines and hooks, firearms and powder, medicines, clothing 
and my instruments and specimen viols, etc. were all looked to, so that when on the 
early morning of the 29th, we backed the main yard when within, I should judge, 
two miles of the S. W. aspect of the Island in 60 fathoms of water, it required but a 
short time to embark our party and the gear in two boats and put out for the shore. 

The weather was of variable nature, scorching sun at short intervals between squally 
cloudiness, but no severe rain and but little wind. Captain Pope was in charge of the 
leading boat and a boat steerer the other. The Island appeared to be of coral formation 
and not over 20 feet above sea level at any point . . . [I] place the centre of thy property 
known as Howland Island in Lat. 0° 49’ 00” North, and Long. 176° 43’ 23” W. The 
extreme length on the centre axis from S. E. to N. W. is 1.4 miles. 0.5 miles is the 
width at the widest point situated in the southerly part and 0.2 miles from the extreme 
South shore line. The coral reefs run completely around the Island without a break 
except for several narrow leads where there is a passage for a light draught boat to 
approach the shore without being too much endangered by the breakers . . . This 
was much smaller than had been anticipated and gave me food for thought as to the 
need of a long stay to complete my investigations. 

As we approached the fringe of reefs the multitude of birds hovering over the Island 
became more and more astounding in its number and whenever a puff of wind came 
off shore the noise and stench were most noticeable. The nearer we approached the 
land the more difficult it appeared to be to find a passage through the coral that 
might afford us a landing place free from the surf . . . By this time it had been forcibly 
impressed on me that thy property as a possible place of residence was out of the 
question unless fresh water and soil of some sort capable of producing vegetation 
should be discovered . . . No man would willingly undertake to reside there for long 
except from sheer necessity, as the smell, while probably of no serious moment so 
far as health is concerned, is of so constant and over-powering a pungency that it has 
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a gagging effect when first encountered and even after long exposure to it, seems to 
permeate to one’s vitals. Were it not for the rapid oxidation due to the savage and 
direct rays of the tropical sun, I doubt if life could be supported even with all things 
necessary, as we had, for more than a few days so ever present is the flavor arising 
from these huge deposits of bird droppings. 


Shortly after noon, a suitable landing place had been found and Captain Pope and 
I took council as to my future plans. Telling the boats’ crews to leave the supplies 
in the boats and stand by them, we started to walk in an easterly direction to discover 
the size and character of the Island. The walk was most exhausting and filthy and the 
extraordinary tameness of the birds made it necessary to scuffle through them at 
times as one would if walking through windrows of dead leaves in the autumn at 
home. We succeeded, after more than an hour’s picking our way through nests and 
filth and very broken ground, in reaching the eastern shore of the Island . . . The 
surface of the land, what little we could see of it, seemed to be made up of rocks 
of a loose lime stone sort, very much honeycomed by erosion, with considerable 
patches of low dry bushes and coarse dry grass in the low parts. 

Next to the birds and living in close and constant proximity to them, the only 
fauna we observed were armies of rats. They appeared to be of the gray Scandinavian 
variety and to be subsisting and thriving on the eggs and fledglings it was only too 
easy for them to obtain. Occasionally the birds would make a raid on a band of rats 
engaged in these depredations and succeed in seizing some of the younger robbers. 
They would, we observed, kill the rats by tearing them to pieces with their beaks 
and talons, or more often where the rat was of a small size, fly off to a point at a 
considerable height above the reefs and drop their prey into the pounding surf where 
it would seem the rat would perish . . . 


I am of the opinion [that] originally there was some condition of the rock formation 
that allowed the rain water to collect and stand on the surface and by slow degrees 
give the sand and chance blown and dropped seeds opportunity to gradually develop 
into a sort of soil in which has grown the short tough grass and low bush which forms 
the only vegetation on the Island. Six more such hollows were discovered and in 
every case there was a depression or natural basin. It is my belief that the bushes 
which in no case were of more than three feet in height are a variety of grass rather 
than a shrub as there did not appear to be a well defined leaf system on them and 
their habit of growth and the structure of their branches all starting from a common 
root or root cluster and the arrangement of the blossoms and seed vessels indicated 
that they belonged to the grass family rather than the tree family. Their color was 
of sage green and their tips in most cases seemed to be withered and scorched by 
the sun and wind. The grass was coarse like Bermuda grass but grew much less 
closely than this in isolated clumps and colonies but without a trace that I could 
discover of any other form of vegetation . . . During this entire journey . . . vast 
armies of rats were as unafraid of us as the birds and squealed and bit at us as we 
trod on their squirming tails and often destroyed several at a time by coming down 
directly on their bodies as we slipped or dropped off of the rocks. We seemed to be 
targets for the birds that rose at our approach and long before we arrived at the North 
End of the Island, we were completely encased in a thick film of bird manure which 
the sun baked quickly into something resembling a whitish pie crust in consistency . . . 





98 PACIFIC SCIENCE, Vol. IX, April, 195 


As we worked South along the Easterly shore line, the going became better an 
the birds less troublesome. This condition appeared due to the fact that the depres 
sions have become completely filled with guano and the surface baked hard or at 
least harder than where it is more broken. Such a condition seems to be less agreeabl« 
to the birds for nesting places and for this or some more subtle reason the birds on 
this side of the Island were more timid of us and rose at our approach more timely, 
so that we were not so afflicted by their attentions. - . . 

In general this part of the walk differed little if any from what had gone before 
although the rocks were less jagged and the walking by reason of this fact less 
difficult and exhausting. For several hundred yards before reaching the camp site, 
the rocks pushing their sharp heads through the guano or surface soil were almost 
totally absent. From our later observations after a complete survey of the interior 
parts of thy domain, it was plain that we had happened to pitch our camp at the most 
suitable spot for such a purpose the Island affords. I will mention now the fact that 
the excavations that we subsequently made a few yards from our tent discovered at 
a depth of five feet a small supply of brackish water which might under severe neces- 
sity be used for drinking. At similar depth at other points on the Island where it 
was possible to make tests we found the same brackish water in small quantity. 

We found, on arrival at the camp at 1:30 P.M. that our tent and supplies had been 
disposed as directed. We then proceeded to the ship with all possible speed where on 
our arrival we spent the best part of an hour in the head with buckets of water, scrub- 
bing brushes and squares of rough canvas attempting to rid ourselves of our horrid 
enamel. After all our efforts we carried with us a strong smell that suggested a hen 
coop, which left me with little appetite. 


For the next two days I repeated my first day’s work with both Handy and the 
Black in attendance. I quartered over the interior of that part of the Island North of 
the camp the first day and the part South the second day. The rocks in the interior 
parts are less prevalent than along the shore lines. The deposits of guano are more 
solidified and as mentioned before we found six more cases of bush and grass. We 
found no fauna or flora other than that already described, but the colonies of rats 
were a source of constant interest to me, for in the first place it would appear that 
their presence must be accounted for by the discovery of the Island by an European 
ship at some date antidating any recorded voyage of our historical era. It is of course 
plain to be seen that the ancestors of these armies of rodents could not have come 
from the discovery ship when she so far as can be learned first sighted this Island 
and made such notes as to its location and general character as are set forth in her 
log, as it is distinctly stated that no landing was made at that time on account of the 
reefs and that there were noticed “some numbers of a small furry animal mingled 
with the myriad birds.’’ Then thee will please observe that in spite of the many 
showers there is no trace of fresh water on the surface; for these showers are of such 
short duration and light intensity and the intervals of sun so scorching that the 
precipitation on the land can truly be said to be nonexistent so that unless there 
may be some subterranean supply that I could not come at, these rats are either able 
to drink salt water or the eggs and fledglings that they appear to live and thrive on 
furnish them with the equivalent of drink. While I could never observe any rats 
engaged in eating the grass or bush, I did find traces of what would appear to be 
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diggings either by the rats or birds at the roots of the grass patches and it is possible 
the rats obtain some food from the seeds at such times in the season as these plants 
fructify. Our stay did not coincide with such a period so I could observe nothing 
but unripened and immature seed vessels or old and fallen ones in and around the 
grass and bush. No trace could be found of any difference in the rat bands that were 
found in all parts of the Island. The rats were in one great common army, squirming 
and squealing wherever the birds nested and making common warfare on the birds. 
Their complete fearlessness of us would indicate their antiquity inasmuch as rats that 
had been lately arrived here would carry their instinct of fear of man with them, in 
no matter what location they found themselves. . . 


The fifth day of our stay came in with a menacing bank of clouds to the S. W. and 
while the puffs of wind came from all quarters as usual, there was an uncomfortable 
feeling to the air and the barometer had fallen a 10th during the night. Captain Pope 
warned us as we were leaving the ship that we might find it necessary to spend the 
night ashore and to send the boat and crew off after landing with as little delay as 
possible. He advised me that in the event of his determining to make an offing he 
would hoist a basket at the main mast head and would make all haste to return after 
the weather had become propitious . . . 


At 12:30 p.M. Handy and I were returning toward Camp when we observed the 
signal of departure run up to the masthead on the “ROUSSEAU” and presently saw 
her fill away on the starboard tack under short sail and stretch away to the S. E. We 
noticed the bank of clouds had worked up to the Zenith and that the wind was set 
steady at W. by S. and increasing rapidly. By 3 o’clock that afternoon the wind was 
blowing hard in squalls of shortening intervals, the sky was completely overcast with 
low flying scud, but no rain. We knocked off work and spent some time putting 
extra lashings and guys on our tent poles. When we saw the last of the ship I had 
a very empty feeling in the pit of my stomach and could not help my mind from 
dwelling on the horrid situation that my two companions and I would be in should 
any untoward thing happen to prevent the return of the ship within a few days... 

I, for one, spent this first night on the Island with a lower range of spirit than I 
could remember and but little repose. The squalls were terrific by midnight and it 
seemed doubtful whether our shelter would remain with us long. Furthermore, the 
smell of our food attracted the rats and we found ourselves compelled to light our 
lanterns and actually defend ourselves with constant vigilance against this apparently 
ever increasing army of boarders. 


Towards morning . . . and by the time we were able to look about us we found 
ourselves surrounded by a small rampart of rats that we had slain and to our un- 
speakable distress, realized that the dead were the attraction for the living and that 
we were apparently doomed to a hopeless contest for as long as we should try to 
maintain ourselves in our camp, as it was apparent that the more rats we killed the 
more would come to devour the remains and anything else that could be found of 
an edible nature. Breakfast was out of the question under these conditions so we fell 
to with all our might to clear away the corpses to such a distance as would give space 
and a breathing spell for refreshment. At first it seemed, in spite of our efforts, we had 
undertaken to clear the Augean Stables as the rats continued to pour into our midst 
in seemingly ever increasing hordes, and I for one became pannicky as to the outcome 
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of our battle with these pests. After half an hour of intense effort killing with clubs 
and dragging away the remains the result of which seemed only to increase our 
embarrassment, I organized our forces thus: I loaded two of our fowling pieces and 
laid out at hand an ample supply of ammunition. Handy stood by to reload the guns 
and the Black was told off to lay a train, as it were, of the slain that would lead away 
from our tent and surroundings. The guns proved effective after ten minutes of rapid 
firing and I was able to spare Handy to assist Cotton Bole in extending the line of 
carrion and gradually move our combined operations further and further away from 
our campsite. When I tell thee that we were furiously engaged in this unexpected 
labor for over an hour, thee will understand perhaps the countless number of rodents 
that infest thy property, and can comprehend how easy it would be for a shipwrecked 
crew less favorably supplied with strength and firearms than we were, to be overcome 
by these animals and finally to be horribly destroyed by them as is supposed to have 
been the case by the finding of the human bones dreadfully dragged about on Huafo 
Island which was similarly infested with these dreadful creatures. When it seemed 
that we had shifted the invading forces from our camp to a spot somewhat more 
than 100 yds. away I took account of stock to find to my considerable added un- 
easiness that allowing for a shooting party each 24 hours of the same proportions 
as this we had just concluded, we should be bare of ammunition by the next day 
but one. Such a situation could not be tolerated and it was plain that if the ship did 
not return within the next 24 hours some plan must be worked out for our protection 
that would be effective without the use of firearms, so that we might hold our ammu- 
nition for an emergency. I sent Cotton Bole back to the tent to prepare breakfast 
and explained my gloomy thoughts to Handy, meantime keeping a concentrated 
watch on the movements of our enemy. During this watch, which lasted half an hour, 
it became evident that as the supply of dead dwindled the living tended to return 
to their more natural and usual avocation of preying on the birds’ nests, became more 
scattered and showed no tendency to return in unusual numbers to the camp. We 
were greatly relieved when we were satisfied of this situation and I became convinced 
that could we, by some well prepared arrangements, keep the camp clear during the 
hours of darkness, we should not have to face again another attack of such terrifying 
proportions, as it was evident from our last night’s experience that our troubles had 
been largely brought about first by the smell of the scraps of meat and fat that re- 
mained after our supper by which the rats were first attracted in our direction and 
second by the smell of blood caused by our slaying them when their numbers became 
alarming in the night. While we were eating our breakfast I resolved on a plan for 
our next night that I felt would give us a chance of some reasonable rest and pro- 
tection. Accordingly, I constituted our company into three watches as on shipboard. 
Handy from 12 noon to 4 P.M., the Black from 4 P.M. to 8 P.M., myself from 8 P.M. 
to midnight and so on, until the ship might rescue us from this Desert Island, as it 
had become to me. This arrangement we kept in force for the remainder of our stay 
and found it was most helpful as a means of keeping up our strength against the heat, 
anxiety and generally sapping conditions under which we were existing. I next pre- 
pared a bamboo pole with a crotch at one end. This crotch was constructed by splitting 
one joint and forcing a wedge into the split thereby spreading the two halves to an 
extent that I thought would fit over and hold tight the average rat. We next prepared 
a canvas bag with a placket, which I judged would hold a hundred of these vermin. 
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It being now about 10:30 forenoon we all three set forth to test our rat-catching 
instruments and within an hour had a bag full, the forked pole proving effective to 
pin a rat so that it could be lifted alive from the ground and dropped into the bag 
after a sharp blow with a club on the nose as the rat was held over the placket had 
dispatched it without the spilling of blood on the ground. On our return to our 
camp we suspended this bag from the tent poles about two feet above the surface 
of the ground. At noon, after a light repast of ship’s biscuit, the crumbs from which 
we carefully picked up and burned so as to leave no trace of food for our nasty 
neighbors, I directed Handy to take our tarpaulin to a spot some 200 yds. north by 
East from the camp and after slinging it from our sounding rods to empty the bag 
of rats into this suspended cache and then occupy himself with all diligence by 
killing and collecting for the tarpaulin as many rats as he could during his watch. 
The Black and I during this 4 hour period after first slinging two hammocks on our 
tent poles, got some much needed sleep. At four in the afternoon watch, Handy 
reported that he had collected what he considered about 500 rats. I then ordered the 
Black to continue Handy’s work until 6 P.M. when he was to return to prepare supper 
while I would prepare our catch for the night. Cotton Bole must have thoroughly 
enjoyed his work as he came to turn me out with grins of pleasure wrinkling his face. 
Armed with the spades and picks that the blacksmith had cleverly wrought for me 
before we came to thy Island, I set forth to the cache and after two hours hard work, 
I had prepared beneath but a little to one side of the tarpaulin, a trench or hole in 
the ground of sufficient area I judged to accommodate the catch and bury it some 
4" below the surface. Mortification had, I suspected, begun to taint the air to leeward 
of the cache as I noticed an unusual uneasiness and commotion among the bands 
of rats in this quarter. At, as I judged, a half hour before darkness would fall, we all 
three after clearing every vestige of our supper from the premises, left camp and 
repaired to the cache. We let go two of the guys of the tarpaulin and thereby dumped 
the entire catch into the excavation and promptly covered it loosely with pieces of 
rock and sand, just enough I judged to force the living to work for their horrid 
feast. On top of this grave we spread some scraps of fat pork. It now being near the 
time of my watch, I mounted a rock with a lantern and club, prepared to observe 
what I could of the results of our preparations while Handy and Cotton Bole returned 
to camp to get their rest. Before two hours of my watch was up I judged that most 
of the rats in the vicinity of our camp were busy for at least the best part of the re- 
maining darkness and I returned to the tent to keep watch until my time was up. 
An occasional intruder was found in the tent, but no real invasion such as the night 
before took place and as the weather had settled into its regular course we had a 
peaceful and refreshing night of it. I give this experience with the rats in detail so 
that thee may realize the unconsidered and unexpected difficulties of operations to 
be met with in exploring such out of the way places and so that if thee propose to 
operate the guano beds here thee may take steps to first cope with this vermin which 
is a very vital menace to human life ashore . . . 

My observation of the sea fowl and their habits leads me to believe them to be of 
the same species as those abounding on the guano Islands on the West Coast of 
South America, although of this I am not sure, as I have only read a meagre account 
of these latter that I found among some papers in thy counting room that were 
published in London, 1841, or about the time guano first made its appearance in 
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England. The birds at Howland Island have the general shape of small pelicans, bu 
are of a lighter colored plumage, although there seems to be a considerable differenc: 
in color between the birds at different stages of their development. Their daily habit 
seem to be to alternately go off to the edge of the reefs in large flocks and fish with 
great skill and persistency for about six hours and then return to the Island and allow 
another gang to go to the fishing. There is a tremendous noise and commotion when 
a returning flock arrives from the fishing grounds, and those that have been ashor« 
prepare to go to sea. While on shore the birds, except when the eggs are first laid, do 
not sit on their nests with any regularity as I suspect the sun does the incubating 
without troubling the birds so far as heat is concerned. I believe however that in the 
heat of the day when the weather is not overcast, the birds, both cock and hen, by 
some instinct will stand over and sometimes sit on the eggs to protect and shade 
them from the direct rays of the sun. I am of the opinion that a vast number of eggs 
are addled by too much sun where the old birds have been careless in letting the eggs 
lie exposed too long. The chief use the birds make of their time ashore is guarding 
their nests from rats or those of their own kind who are apparently unmated and yet 
have a keen desire to acquire a nest and rear a family. 

The nests are very varied in form and substance and are spread round indiscrimin- 
ately and on all sorts of surfaces; but as a whole they consist of a slight depression 
about a foot in diameter surrounded or marked in a rough circle by bits of coral 
intermixed with dry sea weed with which high water mark abounds. By marking a 
pair of what I believe to be fully developed birds with a band of red cotton thread 
on their legs I was able to satisfy myself that this pair at least knew its own nest and 
always returned to it after their spell at the reefs. I am of the opinion that all the other 
pairs were equally sure of their own quarters, although the confusion and aimless 
flutterings that took place constantly until darkness fell, would convince a casual 
observer that there was no law or order in the colony and that nests were used by all 
and any without reference to ownership or eggs. It would appear that at night the 
birds take turns keeping their eggs warm or hiding the fledglings under themselves. 
The young birds are fed by the old bird’s regurgitating a part of his own meal at very 
frequent intervals. During the day when not engaged in shading the eggs or feeding 
the young the bird in charge of the nest spends his or her time beating off the attacks 
of the rats. In cases where a band of well grown rats is on the warpath and makes 
an attack on a nest or group of nests, the sea fowl in that vicinity will band themselves 
together and make a concerted attack on the rats using wings, beak and talons and 
keeping their enemies quite busy until they have moved off. The young rats of small 
size have a hard time of it, as the birds often kill these under-sized enemies either 
outright or swooping off with them to the surf as I have described before. I made 
sure that under certain conditions the birds would eat young rats by catching several 
youngsters and tying them in pairs with ten fathoms of light fish line to each pair’ 
These teams I set down near nests with fledglings in them and quickly observed the 
nearby old birds catch and promptly swallow these rats. The result was I soon had 
several pairs of birds in harness so to speak and to my shame, their antics to escape 
from one another with a long line between them made me laugh. I cannot feel too 
much compunction at this boyish and perhaps cruel trick, inasmuch as this device 
gave me an opportunity to study these tethered fowl at my leisure, and further I am 
sure it was not many hours before the juices of the craws of these birds rotted off the 
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line and they became free. Such few birds as I treated to this trick would at first 
finding themselves fast to an anchor of some sort flutter into the air and fly off 
generally in opposite directions at their best speed until brought up and often down 
co earth with a sudden jerk as the line between them tightened. After going through 
every sort of move to get apart they would generally drop to earth and sit sullenly 
down to wait for Nature to release them. In one case one of the birds threw up his 
rat but promptly swallowed it again and evidently made up his mind to keep his 
dinner even at the cost of a long wait for digestion to relieve him of his enforced 
partner. After rehearsing in my mind the habits and occupations of the fowl and 
vermin, I am of the opinion that the young of each is the prey of the other and that 
except where eggs are cracked by the birds themselves the rats do not affect an appre- 
ciable amount of damage by their destruction of eggs. I only observed a few caset 
where the rats were successful in rolling a whole uncracked egg to a point where is 
was pushed over a ledge with sufficient drop to break it when it landed below. How- 
ever, it would require a much longer sojourn than mine and a trained observer to 
come to accurate conclusions with regard to the life histories of these so strangely 
assorted creatures on thy property. The schools of fish from which the fowl draw 
their chief substance are similar in size and habits to schools of small herring and on 
some days seemed to completely surround the Island in a solid mass staying from 
rather close in on the reefs to sometimes a mile or more off shore. The birds did their 
fishing wherever the fish were breaking the surface, hovering over those parts of the 
school that were most easily gotten at and scooping the fish up rather than diving 
beneath the sea for them. As the fish sought lower levels the birds would rise to about 
sixty feet and fly off to a point where a darkling patch would indicate the fish were 
breaking water. All this on a vastly greater scale than anything I have seen at home. 
The contemplation and consideration of the cycle of events taking place in this 
humanly remote spot impresses the observer with awe, and in my case with terror, 
at the ferocity and at the same time delicacy of God’s immutable laws that govern 
the workings of our World and in spite of my anxiety of mind and extreme discom- 
fort of body created in me a humbler and more trusting faith in the Divine Om- 
nipotence.. . 

At sunrise I swept the horizon with my glass and to my unspeakable relief made 
out what seemed at first a cloudlet in S.E. close down on the water, but as the sun 
rose higher this cloud-like object stood out clearly as a sail and in an hour we could 
partake of our breakfasts with the sauce of assurance that the “ROUSSEAU” was in 
sight standing for the Island . . . The weather, remaining on the whole calm, the ship 
made very moderate progress towards us, so much so that Captain Pope evidently 
sensing our state of mind and body, dispatched a whale boat at noon when the ship 
was still, I should judge, ten miles from her station on the Westerly side of the 
Island. In spite of the heat and the considerable distance to be covered the crew of 
the boat sent her along to such good purpose that at 2 P.M. we on the Island had 
embarked in the boat and were on our way back to the “ROUSSEAU”’ where we 
arrived at 4:30 P.M. and very glad to get there I assure thee and have the means to 
clean up, and feel the well ordered conditions aboard the ship surrounding us once 
more... All three of us had had enough of Howland Island to last us a life time. 
I feel assured that the sight of a rat will never cease to make my gorge rise with 
loathing. 
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NATURAL HISTORY NOTES AND OBSERVATIONS 


J. C. GREENWAY, JR.” 


Mr. Stetson was clearly an educated, ob- 
servant man but apparently not an experienced 
naturalist. As is most often the case when the 
history of such islands is studied, the incom- 
plete records of the past are, at least in part, 
at variance with what is known (or thought) 
to be true at the present. In any event this is 
the most graphic first hand account of the 
infestation of a small island by rats in ex- 
istence. 

Mr. Stetson assumed that the rats that 
troubled him belonged to the species variously 
called Ship Rat, Black Rat, Grey Rat, Roof 
Rat, Jungle Rat and Plague Rat (Rattus rattus). 
These together with a larger, stronger species, 
usually called Brown Rat have escaped from 
wrecked ships and those beached for repairs, 
have taken to the forests and wrought havoc 
on islands ever since Europeans have sailed 
the Pacific Ocean. They are said to have 
moved in armies on South Island, New Zea- 
land in 1840, causing farmers to abandon 
fields (Thomson, 1922: 79). In 1919, soon 
after the wreck of a ship on the shores of tiny 
Lord Howe Island, 300 miles off the east 
coast of Australia, that island was overrun by 
rats and four endemic forms of birds were 
extirpated (Hindwood, 1940). If rats of How- 
land Island were in truth of this species this 
account would have been interesting, but its 
importance is much increased by the strong 
probability that they were actually Polynesian 
Rats (Rattus exulans). The only specimens 
known from Howland Island were collected 
in September 1924 by George C. Munro. At 
that time the island was said to be overrun 
by Polynesian Rats of both brown and black 
varieties (Emory, 1934). Through the kind- 
ness of E. H. Bryan of the Bernice P. Bishop 
Museum, Honolulu, four of these were made 
available to Miss B. Lawrence, curator of 


2 Museum of Comparative Zoology, Cambridge, 
Massachusetts. 


mammals in the Museum of Comparative 
Zoology at Harvard College, who affirms the 
identification on the basis of the generally 
small size of the specimens, including small 
bullae and small teeth. The pellage of two 
is gray, resembling that of R. rattus; that of 
the others is brown as in Polynesian Rats 
(exulans). A like dimorphism in exalans is 
reported by J. T. Marshall on Arno Atoll in 
the Marshall Islands. He suggests the possi- 
bility of hybridization, but the little that is 
known of their ecology, and also the rarity 
of morphologically intermediate individuals, 
make this hypothesis dependent upon further 
study. 

Certainly to those who know Polynesian 
rats in life, the behavior of those on Howland 
Island is surprising, for they are character- 
istically shy and retiring compared to the 
other species and indeed were thought for a 
time to have been extirpated from Hawaii 
and New Zealand by introduced rats. Their 
staple in nature is generally seeds and fruits, 
however, they are known to be almost om- 
nivorous in captivity, and it is not impossible 
that having lived up to and above the point 
of subsistence on such a small island as How- 
land their behavior might have adjusted to 
those special conditions. 

J. D. Hague who visited Howland Island 
about the year 1860 says of them (Hague, 
1862): ‘Rats were found on all these islands 
[the guano islands, Baker, Jarvis, Phoenix, 
and others] especially on Howland’s where 
they had become astonishingly numerous. 
They are of very small size, being hardly 
Jarger than a large mouse, and, I think must 
have degenerated from their original state in 
consequence of the change of climate food 
and condition of life . . . I have known over 
3,300 to have been killed in one day by a few 
men...” Thus Stetson’s account is corro- 
borated. 
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Hague like Stetson naturally thought that 
the rats had come ashore from a wreck, al- 
though he saw no signs of wreckage. An 
hypothesis that they swam ashore from the 
wreck of a Spanish ship 200 years before 
perhaps should not be abandoned, for possi- 
ble variations of isolated populations of Rattus 
ratius are great. 

If they are indeed Polynesian rats (exu/ans) 
the implications are far-reaching for they were 
almost certainly introduced on a great many 
Pacific islands by the wandering Polynesians, 
as were dogs, hogs, parrots and lizards, four 
hundred years before Captain Cook’s first 
voyage. Evidences of the occupation of How- 
land Island by the Polynesians were found 
by Hague and later visitors, although they 
seem to have escaped Mr. Stetson’s sharp 
eye. If Polynesian Rats behaved (even some- 
times) in the manner described here, there 
must have been a holocaust of the land-birds 
of many Pacific islands. Sea birds have been 
able to protect themselves better as a rule, as 
witness the record of the certain extinction 
of 68 forms (species and subspecies) of Pa- 
cific island land-birds within the past 200 
years, as against four populations of birds 
that find their food at sea. The probability is 
that many interesting native species were ex- 
tirpated by rats long before the arrival of 
Europeans. 

The island referred to as ‘‘Huafo’ is prob- 
ably Guafo off the coast of Chile. Early 
editions of “Sailing Directions’ hint of wild 
dogs and wild men there. 

To whatever species the rats belonged, they 
most probably killed off the tern colonies on 
Howland Island. Hague noted in 1860 (oc. 
cit.) that these birds ‘‘are almost entirely 
wanting on Howland’s, and their absence, I 
think, may be attributed to the depredations 
of rats.’” He observed rats sucking the blood 
of the smaller birds on Baker’s Island, 40 
miles away, and Ellis (1937) records that terns 
no longer visit that island. These were prob- 
ably Noddies (Anous stolidus) and sooty terns 
(Sterna fuscata). 
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The birds mentioned by Stetson as having 
“the general shape of small pelicans’ were 
undoubtedly three species of boobies, the 
Red-Footed (Sula sula rubripes), the Brown 
(Sula leucogaster plotus) and the Blue-Faced 
(Sula dactylatra personata). Specimens of all 
three have been taken there recently and are 
in the Bernice P. Bishop Museum. Hague 
records also Tropic Birds (Phaethon), nesting 
under large blocks of rock. 

Botanists find it impossible to believe that 
Stetson referred to a tree called ‘‘Kou’’ by 
Hawaiians (Cordia subcordata), but stunted 
specimens grow there now and are recorded 
by Hague (1862) as present in 1860. He 
wrote: 

“Near the center of the island there are one 
or two thickets of leafless trees or brushwood 
and occupying an area of several acres. The 
tops of the trees, in which the birds [probably 
the Red-Footed Booby] roost, are apparently 
quite dead but the lower part near the roots, 
show signs of life after every rain . . . it is 
said to be a species called by the natives of 
the Sandwich Islands ‘Kou’.”’ 

That these trees were planted during the 
six years between Stetson’s and Hague’s visits 
is quite unlikely. 

The subsequent history of the island has 
been told by E. H. Bryan, Jr. in his American 
Polynesia and the Hawaiian Chain (1942) and 
by Sir Alfred F. Ellis in Adventuring in Coral 
Seas (1937). This involves nothing but the 
business of the removal of guano and the 
affairs of the American Guano Company and 
the United States Guano Co. until 1878, and 
John T. Arundel Co. until 1891. Hutchinson 
(1950) estimated that about 125,000 tons of 
guano were removed from the island: the 
supply is probably now exhausted. A small 
colony of men was established on Howland 
Island in 1935 and an airplane landing strip 
constructed by the United States government. 
It was to this field that Amelia Earhart ex- 
pected to fly from New Guinea in 1937, on 
her attempted world-flight, but she never 
arrived and indeed was never seen again. 
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Identity of Breeding Temperatures in Southern and 
Northern Hemisphere Species of Mytilus (Lamellibranchia > 


F. E. ALLEN! 


MUSSELS OF THE GENUS Mytilus are distributed 
throughout the temperate seas of the world 
and are among the most conspicuous animals 
of the shore and shallow seas. The Australian 
representative, Mytilus planulatus Lamarck, is 


one of the commonest bivalve molluscs of 


this region, and in many respects exhibits a 
marked similarity to the northern M. edulis 
Linné. This similarity is not only in general 
appearance, size, and vertical distribution, but 
seems to extend even to the temperature re- 
quirements for successful settlement. M. 
planulatus occurs throughout southern Aus- 
tralia, Tasmania, and New Zealand. On both 
east and west coasts of the Australian main- 
land, the northern limit of distribution is 
about 32° S. latitude, although outlying popu- 
lations may be found a little further north. 
Fremantle on the west coast and Port Stephens 
on the east may be considered the northern- 
most strongholds of M. planulatus; the mean 
monthly summer temperatures being 23.4° C. 
and 24.6° C. respectively. M. edulis ranges 
throughout the northern hemisphere; Hut- 
chins (1947) has shown that its southern 
limit of distribution corresponds approxi- 
mately with the maximum monthly mean 
(summer) of 80° F. (26.6° C.). 

The information presented here was ob- 
tained during the course of marine fouling 


' Marine Biological Laboratory, Division of Fisher- 
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investigations on the east coast of Australia 
The type of collector used has been described 
by Allen and Wood (1950). In each of the 
five years in which investigations were made, 
the season of settlement was clearly defined. 
Settlement in Port Jackson, New South Wales, 
began in June or early July, and terminated 
late in December. Settlement outside this sea- 
son is almost unknown. In April 1947 a few 
juveniles were found, but in view of the 
amount of information now available this 
occurrence is considered adventitious. Figure 
1 shows the counts of young M. planulatus 
settled on plates which were exposed for 14 
days at The Spit, Port Jackson, in 1949. No 
settlement took place prior to July 8 nor after 
December 9, which gives a season extending 
from midwinter through spring to early sum- 
mer. Temperatures ranged from 12.3° C. on 
June 24 (the minimum for the year) and 15.1° 
C. on July 8 to 21.3° C. on December 9, the 
end of the last fortnight during which settle- 
ment took place. 

For this season of settlement there is a 
striking parallel in the northern mussel, My- 
tilus edulis L., as reported by Engle and Loos- 
anoff (1944). Their observations were made 
at Milford Harbor, Connecticut, U.S.A., 
which is in approximately 41° N. latitude. 
Settlement of M. edulis took place there from 
June to August (Fig. 2), the peak being from 
the middle of June to the middle of July in 
1942. During this period the temperatures 
ranged from about 12.5° C. on June 1, when 
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Fic. 1. The number of young Mptilus planulatus 
settling at The Spit, Port Jackson, New South Wales 
during the breeding season 1949. 


settlement commenced, to over 22° C. when 
the main season of settlement ended at the 
beginning of August. The season of settle- 
ment is much shorter than that of M. planu- 
Jatus, but the range of temperatures over 
which settlement is successfully achieved is 
almost identical. The season of settlement in 
both M. edulis and M. planulatus corresponds 
to a temperature range of about 12.5° C. to 
about 19° C. with relatively insignificant set- 
tlement above 22° C. 

This statement is strengthened by informa- 
tion from several sources. Graham and Gay 
(1945) found that the season of attachment 
of M. edulis to test panels at Oakland, Cali- 
fornia, was only from March to May. Tem- 
peratures were rising from 14° C. at the 
beginning of March to about 19.5° C. in May 
(op. cit. fig. 1, p. 376). Further evidence that 
the higher temperature imposes a limit to 
breeding is the fact that M. planulatus has a 
longer breeding season in the colder waters 
of Victoria than it does in Port Jackson. Miss 
J. H. Macpherson of the National Museum 
of Victoria states (personal communication) 


that she found young mussels in the plankton 
all the year round, and that “there is a lull 
about June to September, but even in this 
period there are a few breeding.’ In Port 
Phillip, where these observations were made, 
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Fic. 2. The number of young Myti:us edulis settling 
at Milford Harbor, Connecticut during the breeding 
season 1942. (After Engle and ‘Loosanoff, 1944, figs 
1, 3.) 


temperatures for this June—September period 
are usually below 12° C., while the summer 
temperatures only occasionally reach 20° C., 
and rarely exceed this figure. Ralph and Hur- 
ley (1952) found an extended season of at- 
tachment for M. p/anulatus at Port Nicholson, 
Wellington, New Zealand, where maximum 
temperatures did not exceed 19° C. 

The evidence supports the view that the 
season of settlement of the two species is 
governed to a great extent by minimum and 
maximum temperatures which are almost 
identical for both species, and that outside 
the limits mentioned little, if any, reproduc- 
tion occurs. Breeding appears to be initiated 
by a rise of temperature to about 12°, and to 
continue as long as the upper limit of about 
19° is not exceeded. However, the attainment 
of this upper limit seems to inhibit further 
breeding, as settlement does not recommence 
when the temperatures drop once more to the 
breeding range. This may be indicative of an 
innate breeding rhythm which, in some local- 
ities, is modified by the seasonal temperature 
trends. Also this apparent spring breeding 
may occur only when these organisms are 
approaching the tropic-ward limit of their 
geographic range. 

The species M. planulatus and M. edulis are 
very similar in appearance and the additional 
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evidence of similarity in their ecology sug- 
gests that the relationship between the two 
species may be closer than is at present ac- 
knowledged. It would be of interest to dis- 
cover whether the genus as a whole displays 
such a uniformity or whether other species 
differ in their breeding behaviour. Although 
these data are very incomplete, they are pre- 
sented, not only to draw attention to this 
interesting question, but also in the hope that 
other workers may be able to furnish addi- 
tional information. 
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Some Opisthobranchiate Mollusca from Hawaii! 


JENS MATHIAS OSTERGAARD? 


INTRODUCTION 


IN THE ATTEMPT to advance our knowledge 
of the marine Mollusca of the Hawaiian Is- 
lands, groups provided with a shell have been 
among the first to receive attention. Largely 
for this reason gastropods of the order Proso- 
branchiata, having conspicuous shells, have 
become better known than have such forms 
as belong in the order Opisthobranchiata, in 
which a shell is often absent in the adult. 

Such nonshelled forms present difficulty of 
adequate diagnosis for the establishment of 
taxonomic characters, inasmuch as the pre- 
served animal soon loses its colors, partly or 
completely, and becomes in some way dis- 
torted because of the contraction of various 
anatomical parts. 

Since the works of Gould (1852) and Harp- 
er Pease (1860-1872), nothing appears to have 
been added to our knowledge of these ani- 
mals in the Hawaiian area. 

The present work is but a small part of 
what needs to be done in this large group of 
mollusks, which is well represented in Hawaii. 
Only those forms whose generic position has 
already been established are dealt with here. 
No dissection has been attempted, and spec- 
ific characters have been based on external 
features only. The colored figures, as well as 


1 Contribution Number 55, Hawaii Marine Labora- 
tory. Manuscript received October 30, 1951. 
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those in black and white, have been repro- 
duced from the author's water-color drawings. 

The holotypes of all new species are de- 
posited in the United States National Mu- 
seum, paratypes and other specimens cited 
are in the Bernice P. Bishop Museum, Ho- 
nolulu. 

Acknowledgments: For his fine aid rendered 
over a long period of time in securing speci- 
mens for me, I am very grateful to Dr. Charles 
H. Edmondson. I am thankful to Otto Dege- 
ner for many interesting specimens. During 
the last 2 years, while preparing this manu- 
script for publication, I received from Mr. 
Charles Cutress of the University of Hawaii 
many specimens of opisthobranchiates, for 
which I am very appreciative. Mr. Spencer 
Tinker, director of the Honolulu Aquarium, 
has rendered me valuable services by retaining 
for me many fine specimens of nudibranchs. 
For the aid in taxonomic problems so gen- 
erously given me by Dr. Frank M. MacFar- 
land, I feel a sincere appreciation. Finally, | 
must express my deep gratitude for the aid 
rendered and interest shown in this under- 
taking by Dr. Robert W. Hiatt, director of 
the Hawaii Marine Laboratory. 


KEY TO INCLUDED GENERA OF HAWAIIAN 
OPISTHOBRANCHIATA 


1. Respiratory organs, when present, con- 
cealed under mantle or attached to right 
side of body or consisting of respiratory 
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folds; shell present or absent in the adult 
(suborders Tectibranchiata and Ascog- 
lossa) 


Respiratory organs consisting of a circle 
of gills surrounding the anal papilla, or 
of branchial processes covering the body; 
shell and mantle absent in the adult 
(suborder Nudibranchiata).........10 


2(1). Shell more or less conspicuous and 
generally covering mantle and gills... 3 


Shell absent in adult; respiratory folds, 
when present, not in the form of gills. .9 


3(2). Gills on dorsal side of body, usually 
covered by shell or mantle 


Gill consisting of a plume on right side 
of body.............Pleurobranchus 


4(3). Shell large and almost capable of con- 
cealing the animal 


Shell rudimentary and nearly or entirely 
concealed from view 


5(4). Parapodial lobes extending the whole 
length of animal Hydatina 


Parapodial lobes covering anterior part 
of shell 


6(5). Shield extending from foot to cover 
posterior part of shell Haminoea 


No shield covering posterior part of foot 


7(4). Shell and mantle covering gills be- 
tween parapodial lobes 


Shell and mantle rudimentary or absent 
Notarchus 


7). Shell hatchet-shaped; body of animal 
tapering anteriorly and obliquely trun- 
cate posteriorly............Dolabella 


Shell somewhat oval in outline; body of 
animal slender and fusiform. . . . Tethys 


9(2). Parapodial lobes united dorsally by 
regular margins; their inner surfaces cov- 


111 


ered with longitudinal narrow branchial 
folds supporting commensal algae. . . 
Placobranchus 


Parapodial lobes with folded margins not 
fully united whevetes no branchial folds 
present. i .Elysia 


10(1). Respiratory organs consisting of a 
circle of gills surrounding anal papilla. 11 


Respiratory organs consisting of bran- 
chial processes covering the body... 13 


11(10). Cloak of great lateral spread and 
produced into swimming lobes folded 
on the sides when the animal is at rest 

..Hexabranchus 


Cloak narrow and not used as swimming 
lobes, nor folded when the animal is at 


12(11). Body slender, bluish white with in- 
terrupted blue striae. Gills simple pinnae, 
white, with bands of orange 

Glossodoris 


Body elongate, about one third as wide 
as long, bluish black with fine white 
specks. Gills with long lateral branches 

Doridopsis 


13(10). Body broad anteriorly, tapering pos- 
teriorly and covered with numerous 
slender branchial papillae. Rhinophores 
and oral tentacles simple Aeolidia 


Body slender, fusiform, beset with two 
rows of broad branchial processes. Rhin- 
ophores placed on dorsal side of an ex- 
tensive oral veil Melibe 


CLASSIFICATION OF SPECIES CONSIDERED 


Suborder Tectibranchiata 
Family Scaphandridae 
Genus Afys 
(A. semistriata) 
Family Akeridae 
Genus Haminoea 
(H. crocata) 





Family Hydatinidae 
Genus Hydatina 
(H. physis) 
Family Aplysiidae 
Genus Tethys 
(T. elongata) 
Genus Notarchus 
(N. lineolatus) 
Genus Dolabella 
(D. variegata) 
Family Pleurobranchidae 
Genus Pleurobranchus 
(P. delicatus) 


Suborder Ascoglossa 
Family Placobranchidae 
Genus Placobranchus 
(P. ianthobapsus) 
Family Elysiidae 
Genus E/ysia 
(E. elsieae, E. degeneri, E. nealae) 


Suborder Nudibranchiata 
Tribe Holohepatica 
Family Dorididae 
Genus Glossodoris 
(G. prismatica lineata) 
Genus Doridopsis 
(D. macfarland?) 
Family Hexabranchidae 
Genus Hexabranchus 
(H. tinkeri, H. aureomarginatus) 
Tribe Cladohepatica 
Family Aeolidiidae 
Genus Aeolidia 
(A. edmondsoni ) 
Family Fimbriidae 
Genus Melibe 
(M. pilosa) 


Atys semistriata Pease 
Fig. 1 
Atys semistriata Pease, Zool. Soc. London, 
Proc. 1860: 20. 
Atys semistriata Pease. Tryon and Pilsbry, Man. 
Conch. 15: 267, pl. 28, fig. 30, 1893. 


A living specimen of Atys semistriata was 
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obtained off the Hawaii Marine Laboratory 
at Waikiki in August, 1921. During its cap. 
tivity this specimen deposited an egg mass, 
which has been described and figured, in- 
cluding the veliger larval stage (Osterg.ard, 
1950: 105). 

When the animal is active and fully ex- 
tended, it is 13 millimeters in length. Head 
shield broad, truncate anteriorly, bilobed 
posteriorly, lobes small and rounded. Epi- 
podial lobes extending over anterior half or 
body, meeting middorsally to cover anteriof 
part of shell. Foot bilobed; anterior portion 
truncate and larger than posterior portion, 
which tapers to a broadly rounded extremity. 
Color pale bluish white and peppered with 
minute black specks. Mantle, visible within 
the semitransparent shell, also pale bluish 
white with crowded masses of well-defined 
longitudinally elongate carmine spots. Eyes 
conspicuous, located between lobes of head 
shield. 

The description of the shell by Pease is as 
follows: 

“Shell oval contracted posteriorly, thin, 
fragile, pellucid, white, transverse raised lines 
at both ends; aperture slightly dilated at the 
base; apex perforate.” 


Haminoea crocata Pease 
Fig. 2 


Haminoea crocata Pease, Zool. Soc. London, 
Proc. 1860: 19. 

Haminoea crocata Pease. Tryon and Pilsbry, 
Man. Conch. 15: 363, 364, pl. 40, fig. 3, 
1893. 


From a group of seven specimens of living 
animals collected during March, 1923, at Wai- 
anae, Oahu, a description of the external parts 
of this vividly colored animal is as follows: 

Animal somewhat fusiform, truncate an- 
teriorly and bluntly pointed posteriorly. Ce- 
phalic disc large, truncated anteriorly, bilobed 
posteriorly, lobes long with rounded extrem- 
ities. Eyes minute, located anterolaterad of 
anterior division of cephalic lobes. Epipodial 
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lobes large, reflexed over, and partly covering, 
the shell. A posterior shield extending dors- 
ally to cover posterior part of shell. Foot 
divided into a larger anterior and a smaller 
posterior portion. Anterior portion truncate 
at both ends; posterior portion truncate an- 
teriorly and bluntly rounded posteriorly. Both 
portions of foot continuous with epipodial 
lobes and posterior shield, respectively. All 
external parts of animal pale blue with faint 
purple blotches and with numerous bright 
orange spots of various sizes scattered quite 
evenly over all. Mantle visible through semi- 
transparent shell, dark green with large orange 


Fic. 1. Atys semistriata Pease, dorsal aspect (X 8). 


Fic. 2. Haminoea crocata Pease, dorsal, ventral, and 
lateral aspects (X 2). 


hieroglyphs and small round dark-red spots. 
Length of animal, when creeping and fully 
extended, is 3 centimeters. 
Tryon and Pilsbry (1893: 363-364) give 
the following description of the shell: 


Shell ovate-elongate, moderately solid, yellow, be- 
coming orange on the latter part of the last whorl, and 
opaque above and below. Surface shining, showing 
slight, irregular growth-wrinkles and excessively fine, 
close, superficial spiral crenulated striae. Vertex narrow, 
very slightly impressed, imperforate or nearly so, 
opaque white in the center; lip inserted on the right of 
the center of the vertex, thickened; outer lip well 
curved; columella moderately concave, with a reflexed 
white callus, not folded above. 

Alt. 13, diam. 8% mm. Sandwich Is. 


A description and figures of the egg struc- 
ture of this mollusk are given in Ostergaard 
(1950). 


Hydatina physis (Linnaeus) 
Fig. 3 


Bulla physis Linn., Syst. Nat., p. 727, 1758. 

Hydatina physis Linn. Tryon and Pilsbry, Man. 
Conch. 15: 387, 388, pl. 45, figs. 14-17, 
1893. 





Fic. 3. Hydatina physis (Linnaeus), dorsal and ventral 
aspects (ca. X 1.3). 


Animal large and when active about three 
times as long as its shell. Head disc with four 
lobes of about equal size bluntly pointed at 
their tips. Two large, ear-like lobes extending 
posteriorly from head disc, partly covering 
anterior part of shell. Foot very broad and 
continuous with dorsally directed parapodial 
lobes; truncate at both ends, widest posteri- 
orly. Parapodial lobes much folded along 
margins, which are partly flexed over shell. 
Foot, both dorsally and ventrally, bluish pur- 
ple, merging into a vivid brown toward mar- 
gins. Head disc, anterior lobes, and mantle 
vivid brown, edged like anterior and posterior 
margins of foot with bluish or greenish white. 
Eyes conspicuously placed posterior to head 
disc. Gill pale bluish purple, turned inward 
at tip, and about 5 mm. in length, with 18 or 
20 plumules. Length of animal about 4 cm.; 
length of shell 16 mm. 

The specimen here described and figured 
was obtained during the latter part of June, 
1922, at Kawailoa, Oahu, where it was found 
among a number of Hydatina amplustre. Other 
specimens have been found off the Hawaii 
Marine Laboratory at Waikiki. 

The characters of the shell correspond well 
with those of the typical form figured and 
described by Tryon and Pilsbry (1893: 387, 
pl. 45). The description is as follows: 
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Shell large, globose or oval, thin; under a thin buf 
cuticle the shell is white, with many close wavy brown 
spiral lines. Surface very slightly and coarsely waved 
longitudinally, otherwise smooth. Vertex flat, the spire 
about level; whorls about 31%, the first a minute globose, 
uptilted and half immersed nucleus, the rest separared 
by deep sutures. Body-whorl globose above, somewhat 
attenuated below, where there is a convex spiral rib 
surrounding the umbilical tract; aperture about as long 
as the shell, large, ovate, narrower and curved above, 
dilated below. Lip simple and thin, very little retracted 
toward its upper insertion, rounded at base, bluntly 
angled at foot of the columella. Columella gently con- 
cave or nearly straight, with reflexed edge, leaving an 
umbilical chink or rarely none. 


Spawn and the veliger stage of the larva 
are described and figured in Ostergaard 
(1950). 


Tethys elongata (Pease) 
Fig. 4 


Siphonata elongata Pease, Zool. Soc. London, 
Proc. 1860: 24. 

Tethys elongata Pease. Tryon and Pilsbry, Man. 
Conch. 16: 93, pl. 59, figs. 35-38, 1895-96. 


Because of the rather strikingly different 
coloration of some of my specimens of this 
animal, they might appear to be different from 
the specimens of T. elongata (Pease), which is 
common on seaweeds along the leeward shores 
of Oahu; but after a study of them and a 
comparison with typical forms, I concluded 
that they constituted a color variation, merely, 
as no different characters could be discerned 
either in their external anatomy or shell. 

I enter herewith a description of this color 
form: 

Body elongate fusiform, slender, terminat- 
ing posteriorly in an obtuse point. Rhino- 
phores erect with acutely pointed extremities, 
and widely slit throughout the distal half of 
their length. Anterior, or labial, tentacles in- 
volute, broad and flaring in their proximal 
half. Foot rounded anteriorly and obtusely 
pointed posteriorly. Parapodial lobes high, 
ample, and folded, occupying the middle 
third of the body. To the left of the mantle, 
from which the wide, flaring siphon extends, 
can be seen a portion of the shell. Genital 
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Fic. 4. Tethys elongata (Pease), dorsal, ventral, and lateral aspects of animal (X 4.3) and shell. 
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groove conspicuous, extending from genital 
pore, between anterior margins of parapodial 
lobes, anterolaterad to base of right labial 
tentacle, where penis is located. Eyes, antero- 
laterad of rhinophores, conspicuous for their 
broad white rings. Body and head dark pur- 
plish brown with sprinkles of groups of fine 
white specks, particularly in region of para- 
podial lobes. Sole of foot cream yellow. When 
disturbed, the animal emits a purplish carmine 
fluid. Length of body 31 millimeters. 

Shell large, yellowish olive green, 8 milli- 
meters in length, deeply concave with prom- 
inent beak. Radial lines and growth lines 
distinct. 

Seven specimens of this color form were 
found near the Hawaii Marine Laboratory, 
Waikiki, during May, 1923, where some of the 
typically colored forms also occurred. It will 
be noted in the specimen described and fig- 
ured that the parapodial lobes are edged with 
black, and that rhinophores and labial ten- 
tacles are tipped with the same color. In some 
of the specimens this color was reversed, 
these areas being white instead of black. 

Description and figures of egg filament, 
cleavage, and veliger stage are given in Oster- 
gaard (1950: 100). 


Notarchus lineolatus (Gould) 
Fig. 5 


Stylocheilus lineolatus Gould, U. S. Exp]. Exped., 
Moll., p. 225, pl. 16, figs. 270, 270a, 1852. 

Notarchus lineolatus Gould. Tryon and Pilsbry, 
Man. Conch. 16: 140, pl. 29, figs. 37-39, 
1895-96. 


Body from 2.5 to 4 centimeters in length, 
elongate, fusiform, tapering to acute point 
posteriorly. Parapodial lobes swollen and 
rounded, broadly united behind, almost meet- 
ing in front. Gills large and arched, convex 
posteriorly, concave anteriorly, bluish with 
fine brown veins and white specks; mantle 
very rudimentary, not covering the gills. Anal 
papilla long, slender. Anterior tentacles loose- 
ly involuted; from them a pair of small obtuse 
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lobes extending posterolaterad of buccal disc. 
Rhinophores long, cylindrical, tapering slight- 
ly toward their extremities, slit in the discal 
half. Integument of rhinophores and anterior 
tentacles raised into small white or yellowish 
conical cirti. Similar, but larger, cirri occur 
throughout body region; largest at margins 
of parapodial lobes where some of them are 
branched. Foot slightly narrower than body, 
truncate anteriorly and tapering posteriorly 
to acute point. Foot pale bluish green, darker 
where viscera show through, marked through- 
out with numerous interrupted light brown 
Striae, and in some specimens, especially in 
young individuals, sprinkled with minute 
white specks. Head, body, and dorsal surface 
of foot marked with fine, longitudinal, closely 
crowded, wavy, dark-brown lines, and with 
irregularly scattered ocelli whose pupils are 
blue with a dark brown ring and a light brown 
outer zone. 

In quite young animals the ocelli are want- 
ing, the dorsal striae are few and comparatively 
heavy, and the cirri are all unbranched. In 
specimens of 5.5 millimeters length, cirri may 
not be present. In intermediate stages of 
growth, the observed transition between 
young and adult seems to indicate that changes 
of color and structure take place gradually. 

When disturbed, the animal emits a clear 
bluish-purple fluid. 

The following is Gould’s description of 
Notarchus lineolatus: 


Animal elongated, delicately attenuated posteriorly, 
of a pale grass-green color, ornamented with longi- 
tudinal, parallel, contorted, rusty lines, and scattered 
ocelli of unequal size. The papillae of the mantle [he 
evidently mistook the parapodial lobes for the mantle] 
are branching. The anterior tentacles are short, tapering, 
and destitute of papillae. 

Length three and a half inches. 

Found on a coral reef at Honolulu, Oahu. 


The animals were found at Kawailoa, Oahu, 
during June, 1922, where they occurred in 
large numbers on seaweeds, upon which they 
appear to feed. A rather pale variety has been 
found at Waikiki. From Nanakuli, Oahu, 15 
specimens were obtained in March, 1921. 
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Fic. 5. Notarchus lineolatus (Gould), dorsal, ventral, and lateral aspects. Upper, mature; lower, juvenile (ca. X 3) 
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These ranged in length from 12 to 57 milli- 
meters. The figured example is 32 millimeters 
in length. 

These mollusks are very prolific egg layers 
during June and July, at which time they 
festoon their pale-green thread-like filaments 
on every object with which they come in 
contact. 

A description of the spawn, development, 
and veliger stage of this species is given in 
Ostergaard (1950: 101-102). In that publica- 
tion the species has been erroneously named 
Notarchus striatus Quoy and Gaimard, which 
it resembles quite closely. 


Dolabella variegata Pease 
Fig. 6 


Dolabella variegata Pease, Zool. Soc. London, 
Proc. 1860: 22. 

Dolabella variegata Pease. Tryon and Pilsbry, 
Man. Conch., 16: 155, 156, pl. 28, figs. 
33-36, 1895-96. 


Animal oblong, conical, tapering anterior- 
ly, obliquely truncate posteriorly. Head and 
body covered with small acute tubercles, 
which are scabrous and furnished with pale, 
soft cirri. Parapodial lobes closely appressed, 
the left tending to overlap the right, leaving 
two dorsal openings—one a little anterior 
to point of truncation, other at center of body. 
Rhinophores stout, involute, and open lat- 
erally. Oral tentacles short, stout, dilated dis- 
tally and open laterally. Eyes located antero- 
laterad to rhinophores. Foot truncate ante- 
riorly and obtusely rounded posteriorly, 
widest one-fourth distance from posterior end. 
Greenish olive, variegated with brown, white, 
and green. Foot greenish brown, clouded with 
olive green, evenly sprinkled with fine, round, 
pale-brown spots. 

Dorsal aspect in Figure 6 of a specimen 17 
centimeters long with a transverse diameter, 
at its widest part, of 8 centimeters, other illus- 
trations taken from smaller specimens. 

Specimens with a green coloration predom- 
inating have been found at Waikiki. 
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Shell hatchet-shaped, strongly curved with 
one nuclear convolution from which a fold 
extends around the apex. Proximal margin 
broad; growth lines numerous, fine. Color 
yellowish white and pink toward apex. Length 
30 millimeters, width of proximal border 21 
millimeters. 


Pleurobranchus delicatus (Pease) 
Fig. 7 


Pleurobranchus delicatus Pease, Zool. Soc. Lon- 
don, Proc. 1861: 245. 

Pleurobranchus delicatus Pease. Tryon and Pils- 
bry, Man. Conch., 16: 202, pl. 45, figs. 
7-9, 1895-96. : 


Animal delicate, subpellucid, cloak smooth, 
oblong oval, rounded at both extremities, 
transversely convex. Foot, elongate oval, may 
or may not extend beyond cloak. Rhino- 
phores rather short, involute, with truncate 
extremities. Oral veil triangular with anterior 
border straight and of greatest width, narrow- 
ing gradually toward head. Eyes placed on 
dorsolateral side of head and near base of 
thinophores. Branchial plume on right side 
of body, nearly half as long as animal, bi- 
pinnate, with about 28 pairs of pinnules; pink. 
Genital apertures distinctly separate, near an- 
terior end of body on right side. Length of 
body 44 millimeters, width 22 millimeters. 

The shell is small and corresponds well with 
the description given by Pease, which I quote 
here: 


Shell small, rather solid, subpyriform, elongate, nar- 
row posteriorly, rounded in front, slightly flexuous; 
surface rough and marked with prominent lines of 
growth; nucleus spiral, anterior portion stained with 
violet, posteriorly white or light horn color. 


The color of the cloak is bright orange; 
that of the foot, rhinophores, and oral veil is 
pale pink bordered with orange. The dark- 
colored viscera may be seen through both 
foot and cloak. 

Four specimens were found off the Hawaii 
Marine Laboratory at Waikiki in October, 
1922. An additional four specimens were 
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Fic. 6. Dolabella variegata (Pease), dorsal, ventral, and lateral aspects (X 0.8). 








Fic. 7. Pleurobranchus delicatus (Pease), dorsal, ven- 
tral, and lateral aspects (natural size); branchial plume 
(enlarged). 


found on windward Oahu, near Makapuu, 
June 30, 1950. 


The specimen I have figured (the first one 
obtained) has a much smaller cloak than 
others (obtained later) which agree with 
Pease’s description. It is possible that the 
cloak might have been injured and was in 
process of regeneration. 
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Placobranchus ianthobapsus Gould 
Fig. 8 


Placobranchus ianthobapsus Gould, U. S. Expl. 
Exped. 12: 307, pl. 26, figs. 407a—c, 1852. 


Body elongate, dorsoventrally compressed, 
tapered slightly toward truncate posterior ex- 
tremity. Oral hood broad, lateral continua- 
tions of which form the tentacles. Mouth 
situated ventrally, within cavity formed by 
hood. Tentacles involute, retractile apically, 
tapering distally, directed laterad at base and 
distal ends usually turned slightly upward and 
forward, much like the horns of an ox. They 
are whitish yellow to vivid greenish yellow, 
with tips of pale reddish purple that tends 
to form a band of a deeper tinge. Dorsal 
surface light yellowish green to pale green, 
in some specimens clouded with olive green 
or olive brown. Ocelli crowding surface of 
head and body, of three types: (1) small, 
numerous bodies with yellow or brownish- 
orange pupil surrounded by a white iris; (2) 
a larger and less numerous type with yellow- 
ish or olive-green pupil with light-green cen- 
ter and white iris surrounding pupil; (3) the 
largest type and least numerous, with greenish 
or sky-blue pupil surrounded by a thick black 
ring and usually without the white iris. These 
ocelli are usually promiscuously scattered and 
intergrade with one another; but in some 
individuals they tend to become arranged bi- 
laterally on the dorsal surface, especially the 
large black-ringed type, which are always nu- 
merous along the lateral margin of the foot. 
Eyes small, retractile, placed in shallow orbits 
on lateral sides of an anteriorly pointing 
prominence on the middorsal side of head. 
Branchial surface pale green with numerous 
longitudinal folds crowded with grass-green 
algae. Cardiac swelling triangular, white and 
prominent, placed directly posterior to the 
head. Margins of the body, meeting mid- 
dorsally, thick, pellucid, whitish blue with a 
series of opaque yellowish-green oval or ob- 
long bodies. Foot bluish green with numerous 
ocelli of unequal sizes with pupils from olive 
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Fic. 8. Placobranchus ianthobapsus Gould. a, Dorsal aspect; b, creeping individual; c, expanded to show branchial 
surface with rows of symbiotic algae; d, ventral aspect; e, three principal types of ocelli; f, details of dorsum of 
head showing eyes. (a, b, c, d, ca. X 8.6; e, f, greatly enlarged.) 
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green to dark brown surrounded by a white 
iris. Posterior end of foot and anterior margin 
of oral hood bordered with purple. Anteriorly, 
foot partly divided into a triangular, laterally 
extending lobe with a few ocelli on posterior 
portion of its ventral surface; ocelli on dorsal 
side resembling those of second type. Pos- 
terior region of foot unmarked and merging 
into a very pale bluish green, extending to its 
purple border. Length of animal 5 centimeters. 


The following is Gould’s description: 


Body elongated, in the form of a three-sided prism, 
terminating abruptly, as if torn off behind. Head broad, 
heart-shaped in front, lip edged with violet; tentacles 
involute, as if formed by an extension of the angles of 
the hood; ochreous tipped with white, annulate with 
violet near the lip [#/p must have been intended for 
the word /ip], retractile at tip. Colour of the back 
yellowish, shaded with olive, ornamented with two sets 
of ocelli, the larger in two series of eight on each side, 
with a blue pupil and white iris, and numerous smaller 
ones with orange pupil and white iris; foot not distinct 
from the body except in colour, emerald green, with 
the blue and orange ocelli smaller, and more nearly 
equal in size than those of the back. Margins of the 
body dilated and folded upon the back; branchial folds 
grass-green, radiating from the cardiac swelling behind 
the head. 

Length two and a half inches; breadth five-eighths 
of an inch. 

Found upon a coral reef at Honolulu, Sandwich 
Islands. 


A study of his figures, alone, would lead 
me to conclude that Gould’s species is differ- 
ent from mine; but, from the reading of his 
description, which clears up defects in the 
figures, I am led to believe that they are 
identical. 

HABITAT: On mud flats at Coconut Island, 
Kaneohe Bay, Oahu, where many specimens 
have been obtained from time to time. Spec- 
imens have been obtained from Kahala, others 
from the Island of Molokai, the latter being 
but half the size of those found in Kaneohe 
Bay. 

All specimens obtained agree closely in 
structure and coloration, and they seem to 
show no seasonal fluctuation in their oc- 
currence. 

The spawn and larval stage is described and 
figured in Ostergaard (1950: 107-108). 
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Elysia elsieae sp. nov. 
Fig. 9, Pl. 1 


Body slender, elongate, tapering posteriorly 
to an acute point. Parapodial lobes thick and 
wavy. Rhinophores long and of equal di- 
ameters, curved anterolaterad with extremities 
directed laterally. Eyes very prominent, placed 
posterior to lateral base of rhinophores. Foot 
truncate anteriorly and tapering to acute point 
posteriorly. Head shield continuous laterally 
with rhinophores. Penis on right side about 
one-fourth distance from anterior end. Mouth, 
somewhat indistinct, located on head shield 
near its ventral margin. Color of body and 
foot pale bluish green; foot flecked with 
white. Body and both surfaces of parapodial 
lobes crowded with white and with black ’ 
round spots of various sizes. Margins of para- 
podial lobes edged with pale pinkish carmine 
bordered with golden yellow and dark-green 
lines. Rhinophores pink with an irregular 
band of carmine near base and with purple 
extremities; within, pink color is heavily pep- 
pered with minute black specks. Similar pep- 
pering found on head shield. Heart, as prom- 
inent swelling, appearing between anterior 
ends of parapodial lobes. 

Length of animal 15 millimeters, width 2.5 
millimeters. 

Holotype (U.S.N.M. 574928), May 1924, 
off Hawaii Marine Laboratory, Waikiki. 

The figures are made from what appears to 
be an immature specimen, obtained in June, 
1922, off the Hawaii Marine Laboratory, Wai- 
kiki, and which was about half the length of 
the many other specimens gathered later from 
the same locality, where they were abundant 
during the summer of 1924 in shallow water 
close to shore, on algae or on the sand. 

I have named this beautiful little species 
for my daughter Elsie for the interest and 
enthusiasm she showed in my pursuit of its 
study. 

In some specimens, the larger black spots 
appear as thick rings with small white pupils. 
In others, the white spots on the lateral sides 











Hawaiian Opisthobranchiates — OSTERGAARD 


Fic. 9. Elysia elsieae n. sp., dorsal and ventral aspects with mantle closed and (lower) dorsal aspect with mantle 
expanded (X 19). 
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of the parapodial lobes were elevated into 
conical papillae. The animals would often 
float at the surface of the water in an inverted 
position. 

The egg filament and development of the 
larvae are described and figured as E/ysia sp. 
in Ostergaard (1950: 108). 

The species admits of comparison with 
Elysia lobata Gould (1852: 308, pl. 26, figs. 
405, 405a). 

Gould's description is as follows: 


Corpus limaciforme, gracile, dilatatum, trilobatum, 
viirescens nigro-punctatum; palium utrinque fiavo- 
marginatum: tentaculae elongatae. 

Animal slug-like, greenish, dotted with black and 
bordered with yellow; edge of the mantle expanded into 
a three-lobed lateral wing. Head small with very large 
and long tentacles, tipped with sky-blue; eyes situated 
laterally, a little behind the tentacles. In creeping it 
flaps downwards, at pretty regular intervals, its long, 
ear-like tentacles. There are no apparent branchial or- 
gans, not even the plaits along the back, as in Placo- 
branchus, to which it is otherwise evidently allied; the 
parts about the mouth seem to have been imperfectly 
figured. 

Length one inch. 

Found creeping on coral stems, like a small Doris, 
at Honolulu. Dr. Pickering. 


Both Gould’s description and figures of 
this species are inadequate, and it is therefore 
not possible to determine whether his species 
is identical to this. 


Elysia degeneri sp. nov. 
Fig. 10, Pl. 1 


Body elongate, rather slender, tapering pos- 
teriorly. Parapodial lobes thrown into about 
four folds. Rhinophores short, stout, cylin- 
drical, directed anterolaterad and slightly 
curved from base outwardly; beset with low, 
sharply pointed conical processes. Eyes lo- 
cated at posterolateral base of rhinophores, 
each surrounded by a white area encircled by 
a pale brown ring. Foot rounded anteriorly 
and tapered to blunt point posteriorly; capable 
of forming broad anterior lobe. Head shield 
rounded and slightly notched medially. 
Mouth situated on mid-ventral margin of 
head shield. Body, head, and foot yellowish 
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white with numerous minute green bodies, 
apparently commensal algae; yellowish-white 
ground color of body merging with pale 
brown of parapodial lobes and of head, which 
have a reticulum of a darker brown. Marvins 
of parapodial lobes ornamented with small, 
elongate brown bodies regularly spaced. Inner 
surface of parapodial lobes next to margin 
with narrow area of deep orange; beyond this 





Fic. 10. Eljsia degeneri n. sp., dorsal and ventral 
aspects (ca. X 7). 
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Plate I 


Aeolidia edmondsoni n. sp. (upper), Elysia degeneri n. sp. (lower). 
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Elysia elsieae n. sp. (upper), E. nealae n. sp. (lower). 
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Plate II 


Hexabranchus tinkeri n. sp. 


Hexabranchus aureomarginatus n. sp., with mantle spread and closed. 
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dark green merging into pale green medially. 

Length of animal 19 millimeters, width 3 
millimeters. 

One specimen of this vividly colored little 
species, designated as the holotype (U.S.N.M. 
574929), was found at Waianae, Oahu, March 
26, 1923, by Otto Degener, for whom I name 
the species. Another specimen, 25 millimeters 
in length, was found at Hanauma Bay, Sep- 
tember 12, 1950, by Charles Cutress. This 
agrees with the type in external characters and 
coloration, but no algae, which give to the 
type its distinctive green color, were present. 
This commensal state may be subject to 
fluctuation. 


Elysia nealae sp. nov. 
Fig. 11, Pl. 1 


Body slender, elongate, tapering posterior- 
ly. Parapodial lobes intensely folded, medi- 
ally directed folds meeting dorsally. Rhino- 
phores slender, straight, tapering toward 
extremities and directed anterolaterad. Eyes 
prominent, placed at posterolateral bases of 
thinophores, each surrounded by a small 
white area. Foot slightly bilobed with a shal- 
low median notch anteriorly, and tapered to 
an obtuse point posteriorly. Mouth located 
at median margin of head shield. Pale green 
throughout with small white specks and fine 
concentrated masses of green algae, particu- 
larly conspicuous on parapodial lobes. Mar- 
gin of parapodial lobes and posterior tip of 
body greenish yellow. 

Length of animal 33 millimeters, width 4 
millimeters. 

One specimen, designated the holotype 
(U.S.N.M. 574930), was found on seaweeds 
near the Hawaii Marine Laboratory at Wai- 
kiki, November 24, 1923, by Marie C. Neal, 
for whom the species is named. 

This E/ysia bears some resemblance to E. 
degeneri, but can easily be distinguished from 
the latter by its long, smooth, tapering ten- 
tacles, whereas those of degeneri are short, 
knobbed, and nontapering. The coloration of 
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the parapodial lobes also show a marked dis- 
tinction. The parapodial lobes of degeneri are 








Fic. 11. Eljsia nealae n. sp., dorsal and ventral 
aspects (X 4). 











FIG. 12. Glossodoris prismatica lineata (Pease). a, Lateral aspect; 5, 
branchia; e, rhinophore. (a, b, c, X 8: d. e. greatly enlarged.) 


dorsal aspect; c, ventral aspect; d, detail of 
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bordered medially with a bright orange, where- 
as those of nealae are uniformly green. 


Glossodoris (=Chromodoris) prismatica 
lineata (Pease) 


Fig. 12 


Doris prismatica vat. lineata Pease, Zool. Soc. 
London, Proc. 1860: 32. 


Body elongate, slender, of equal width from 
head to branchiae, tapering posteriorly and 
continuing anteriorly with a broad and round- 
ed head shield. The rhinophores, which are 
retractile into sheaths with short white collars, 
are elongate, directed anteriorly and laterally 
and laminated about half their length with 
12 laminae. The branchiae, retractile and sur- 
rounded by a low white collar, encircle the 
vent. They are 9 in number, small, lanceolate, 
and provided with 10 or 11 thick, spoon- 
shaped pinnae tapering in size at distal end of 
the gill. Foot elongate, conforming in width 
with body, rounded anteriorly, tapering to a 
point posteriorly, where it may be flexed 
dorsally beyond the cloak. Eyes minute, lo- 
cated posteromediad of the rhinophores. Oral 
tentacles short and blunt, directed antero- 
laterad of mouth. Color light grayish purple 
with body marked with longitudinal inter- 
rupted lines of deep blue; head shield marked 
dorsally and ventrally with round white and 
purple spots of equal size and in arrangement 
conforming to margin of head shield. Row of 
round purplish spots lining under margin of 
cloak. Blue line marking dorsal surface of 
foot near border. Rhinophores light grayish 
white, encircled with orange band near tip. 
Branchiae similarly colored, but with orange 
blotch at tip and near base. Length of animal 
17 millimeters. 


The specimen on which the above descrip- 
tion is based and from which the figures are 
made was found in March, 1923, near the 
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Hawaii Marine Laboratory at Waikiki, where 
it was found ona rock in shallow water. Short- 
ly after, two more specimens were brought in 
from Waianae. Although these agreed closely 
with the above in size and in nearly all ex- 
ternal features, they differed essentially in 
having 11 gills instead of 9. In the type, de- 
scribed by Pease, 10 gills were present. A 
similar fluctuation in the number of gills has 
been reported previously in this family of 
nudibranchs, hence constancy in number of 
gills can not be used as a specific character. 
A variation among individuals within a spe- 
cies is reported by Alder and Hancock (1855) 
in which the gills of Doris pilosa are recorded 
as varying from 9 to 11 in number. Similar 
fluctuations in the number of gills within a 
species has also been observed by Frank M. 
MacFarland. 


Pease’s description is here given for com- 
parison: 


Elongate, soft, smooth, convexly rounded above, 
rather wider posteriorly, portion anterior to the dorsal 
tentacles somewhat dilated laterally and rounded in 
front. Branchiae small, erect, lanceolate, pinnate, ten 
in number, encircling the vent and retractile into a com- 
mon cavity. Dorsal tentacles elongate, straight, directed 
forward and laterally, lamillated about two-thirds of 
their length, and retractile into simple cavities. Foot 
elongated and projecting much beyond the posterior 
edge of the body in a point, rounded in front. Colour 
light greyish-purple, along the back and the remainder 
of body white, irregular, longitudinal, opaque fine lines 
on the dorsal region, some of which are confluent. 
Margins of foot and body beautifully edged with 
violet. Branchiae whitish and longitudinally striped 
with orange. Tentacles white, with an orange zone near 
tip, and a second near the base. 

Length 1 inch. 


This description fits well in anatomical 
proportions and in coloring with the speci- 
mens at hand, except for lacking the inter- 
rupted purple lines and the numerous round 
purple and brownish dots which are present 
in my specimens. 

A brief description with a figure of the 
spawn is given in Ostergaard (1950: 109). It 
is there referred to as Glossodoris sp. 





Doridopsis macfarlandi sp. nov. 
Fig. 13 


Body elongate with parallel margins, round- 
ed anteriorly and posteriorly. Cloak soft and 
devoid of spicules and with margins intensely 
folded. Rhinophores dark gray with white 
tips, rather stout, with about 15 lamellae on 
their distal half; arising from sheaths with 
slightly elevated simple margins and usually 
directed slightly anterolaterad. Oral shield 
light chocolate brown, square with rounded 
angles, and about half as wide as foot. Bran- 
chiae 12 in number, encircling anal papilla 
and separately retractile within cloak, each 
with a central stem from which branch and 
rebranch numerous lateral processes, dark 
gray. Foot rather narrow, rounded posteriorly, 
tapering anteriorly, where it is deeply notched 
and exposes the mouth, dark purplish brown 
posteriorly and light brown anteriorly with a 
narrow pale-blue margin, which is bounded 
anteriorly on its median side by a narrow 
dark-blue line. Dorsal surface light chocolate 
brown. Dorsal surface of cloak bluish black 
with numerous small, round, white spots de- 
creasing in size medially. 

Holotype (U.S.N.M. 574931) taken near 
the Blowhole below Koko Head Crater, Oahu, 
November 18, 1950, by Donald Strasburg. 

Length 3 centimeters, width 12 millimeters. 

The figure accompanying this description 
is of a paratype specimen which was found 
near the Hawaii Marine Laboratory at Wai- 
kiki in October, 1922, and which deposited 
an egg filament in the laboratory. 


At intervals this species has been found at 
the above sites, also at Kawailoa, Oahu. The 
various specimens agree very closely; but 
there appear also to be several closely related 
species, which need to be worked out ana- 
tomically in order to separate them. 

I have named this species for Dr. Frank M. 
MacFarland of Stanford University. 

The structures of egg filament and veliger 
larva are figured and described in Ostergaard 
(1950: 108-109) under Cryptodoris sp. 
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Hexabranchus tinkeri sp. nov. 
Fig. 14, Pl. 2 


Body depressed, oval in outline when cloak 
is fully extended. A median area correspond- 
ing to the body region proper is variegated 
with bluish white, yellowish and reddish 
brown. Surrounding this area is a region of 
an equal width, softly colored with pale blue 
and carmine spots and reticulations. Beyond 
this area is one of similar width—a little 
narrower posteriorly and interrupted ante. 
riorly—of a pale carmine with radial muscle 
bands appearing as fine dark-red striae. The 
cloak is bordered by two narrow bands—an 
inner dark red and an outer pale carmine— 
both interrupted anteriorly. Rhinophores 
elongate, orange, tilted posteriorly. They con- 
tain about 40 laminae and are supported by 
stout carmine stalks, retractile into sockets 
with low white collars. Branchial plumes, 
seven in number—three anterior, two lateral, 
and two posterior—are imperfectly tripinnate 
and retractile, but not into orifices. They are 
pink with red ribs. A carmine ring encircles 
each gill. A conical white anal papilla is sit- 
uated posterior to the center of the branchial 
circle. Head small with a pair of deep orange 
oral tentacles extending from it, with their 
borders thrown into 8 or 10 intense folds and 
their greater diameter in lateral directions. 
The portion of the cloak anterior to the rhino- 
phores is variegated with white, or pale blue, 
and carmine; dorsal side of foot has similar 
color which merges into golden at the margin. 
Foot oblong, rounded at both ends, extended 
a little beyond cloak when animal is creeping. 
It is pale flesh with golden margins, which 
are approximated and crumpled when the 
animal is swimming. When the animal is at 
rest, the broad cloak margins are rolled up 
against the body. Swimming is effected by 
vigorous transverse flections of the body and 
undulating movements of the broad, thin 
cloak, which serves as fins. 


The holotype (U.S.N.M. 574926) was 
found at Waikiki, May 19, 1922, by Robert 
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t Fic. 13. Doridopsis macfarlandi n. sp. a, b, c, Dorsal, ventral, and lateral aspects; ¢, rhinophore; e, oral hood and 
anterior portion of foot; f, branchia. (a, b, c, X 3.7; d, e, f, variously enlarged.) 
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Hope. It measures 13 by 10 centimeters (di- 
mensions of cloak when fully extended). Para- 
types bearing the following data are at hand: 
Nanakuli, Oahu, August, 1950, Charles Cut- 
ress; Pearl Harbor, Oahu, October 29, 1949 
(2 specimens), June 26, 1950 (1 specimen), 
July, 1950 (3 specimens, C. Cutress), Sep- 
tember 30, 1950 (1 specimen with margin of 
cloak dark red); on open shore of Oahu, 
November, 1949; Kailua, Oahu, March 19, 
1950; Kahala, Oahu, April 17, 1950. 

The largest specimen I have seen (the para- 
type from Kailua) was 23 centimeters long. 


I have named this conspicuous species for 
Mr. Spencer Tinker, Director of the Honolulu 
Aquarium, in appreciation of his very gen- 
erous aid in securing specimens of nudibranchs 
for me. 


The numerous specimens of H. tinkeri ob- 
served from time to time, and obtained from 
various parts of Oahu, have shown little vari- 
ation. However, three specimens obtained 
from Pearl Harbor during 1950 had a marginal 
zone of the cloak, 3 centimeters wide, of a 
deep carmine, darkest near the margin. This 
zone corresponds to the three outer zones of 
the type (figured) and, in general, to all other 
specimens observed. This is probably only 
a color variation. The gills vary from six to 
eight in number. When there are six, which 
appears to be the usual number, they are 
arranged in a circle around the anal papilla, 
with three on each side. When seven gills 
are present, as in the type, one is placed in the 
median line between the anterior pair of the 
usual six. But when the animal has eight gills, 
the posterior gill on each side is represented 
by two smaller and closely approximated gills. 
An anomalous deviation from these typical 
arrangements has also been observed. 

Hexabranchus tinkeri is readily distinguished 
from H. aureomarginatus, another Hawaiian 
species, thus: 


Gills large and much branched, 6 or 7 in 
number; rhinophore sheaths with low, 
white collars; oral tentacles coarsely scal- 
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loped. Color of animal yellowish or white, 
variegated with carmine or rose; margins 
of cloak carmine or pink.......... 
inten eesnnalede Hexabranchus tinkeri 


Gills rather small and less branched, 4 to 6 
in number; rhinophore sheaths with high 
collars variegated with white and reddish 
orange. Oral tentacles intensely scalloped. 
Color of animal bright orange red varie- 
gated with white; margins of cloak white 
with golden border................ | 
iene Hexabranchus aureomarginatus 


It may also be compared with Hexabranchus 
sandwichensis (Souleyet and Eydoux), from 
which it differs in coloration and in mode of 
branching of the gills. Souleyet’s specimen 
was obtained from the Island of Hawaii, and 
it appears to be rare, since none answering to 
its description has come under my observa- 
tion during a period of about 30 years of 
research in this group. 


The description of H. sandwichensis is quoted 
from Souleyet and Eydoux (1852: 451, pl. 25, 
figs. 1-4). 


Doris sandwichensis, nobis. 

Cette grande et belle espéce a le corps ovalaire, 
aplati, more, lisse; le dos d’un blanc bleuatre sur les 
cétés, et de couleur violacée sur la ligne médiane, est 
marqué dans toute son étendue de taches pourprées de 
différentes grandeurs et irrégulitrement disposées; les 
bords du manteau trés-larges, minces et ondulés, sont 
d’une belle couleur pourpre, interrompue en dessous 
par une bande blanchatre qui entoure le pied et qui 
se prolonge, en avant, an dela de la bouche et de ses 
appendices. Les tentacules supérieurs, en form de mas- 
sue et lamelleux a4 leur sommet, sont également d'une 
couleur pourpre tré-Foncée. Les appendices buccaux 
sont large, 4 bords onduleux et comme frangés. Le 
pied, de couleur Jaunatre, a 4 peine la moitié de la 
largeur du corps; ses bords sont minces et ondulés 
comme ceux du manteau. Les branchies forment huit 
arbuscules disposés en cercle autour de l’anus; cette 
ouverture est placée au centre d’un tubercule arrondi 
et saillant. 

Cette Doris habit les tiles Sandwich; nous |’avans 
recueillie 4 Hawaii, la principale des iles de ce groupe. 


. 


Sa longueur est de douze 4 quatorze centimetres. 


Doris cardinalis Gould (1852: 302, pl. 25, 
figs. 397a-b) differs from H. tinkeri and H. 
aureomarginatus particularly in the oral tenta- 
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Fic. 14. Hexabranchus tinkeri n. sp. a, Dorsal aspect; b, rhinophore; c, branchial plume; d, oral tentacle; e, ventral 
aspect. (a, e, natural size; b, c, d, enlarged.) 
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cles, which in Doris cardinalis are bilobed, but 
in the two species here described are multi- 
lobular. 


Hexabranchus aureomarginatus sp nov. 
Fig. 15, Pl. 2 


Body much depressed, oval in outline when 
cloak is fully extended. Cloak wide and very 
thin at edges, serving as swimming lobes. A 
median dorsal area, corresponding to the body 
region, is bright red with groups of fine white 
flecks, some of which are concentrated to 
form large spots of irregular outline. Lateral 
to this area is one of pale rose, interrupted 
anteriorly, but continued posteriorly by a nar- 
row connection with a corresponding area of 
the opposite side. Marginal region consisting 
of three rather narrow uninterrupted color 
zones: innermost bright red; middle white 
with radially disposed muscle bands; outer- 
most golden yellow. Rhinophores long and 
stout, with about 40 golden laminae and with 
basal stems of reddish orange with a white 
blotch posteriorly at base of laminated por- 
tion; issuing from elevated collars which are 
variegated with bright red and white and 
bordered with a narrow golden band. Bran- 
chial plumes six, golden with violet stems, 
retractile, and arranged in a circle around the 
low anal papilla, the two posterior pairs being 
closely united at their bases. Head small, 
usually concealed; from it a pair of oval, 
golden, leaf-like tentacles with intensely fold- 
ed borders extend laterally, their long axes 
directed laterally. Foot oblong and narrowed 
toward its truncate ends, extending beyond 
cloak posteriorly when animal is creeping, 
color beneath, yellow with golden border. A 
long dark blotch may appear at its center with 
the viscera showing through. Dorsally the 
foot is greenish yellow with lighter borders 
and with a white blotch on its median part 
near the posterior extremity. The ventral side 
of the body bordering on the foot is pinkish 
white; laterally the colors correspond to those 
of the dorsal surface. 





PACIFIC SCIENCE, Vol. IX, April, 1955 


Length of holotype, when fully extended, 
76 millimeters, width 65 millimeters. 

Though smaller than many other specimens 
seen, this specimen was chosen for the holo- 
type as its coloration is typical of the species. 
It was found off the Hawaii Marine Labora- 
tory at Waikiki, within wading distance of 
the shore, February 2, 1922, by Robert Hope 
(U.S.N.M. 574927). 

Paratypes: 1 specimen, Mokuleia, Oahu, 
May 22, 1950; 1 specimen, found in reef pool 
1 foot deep, Hauula, Oahu, July 1, 1950, 
Mrs. Pauline Piltz; 2 specimens, near Elks 
Club, Waikiki, Oahu, April, 1923. 

In the many specimens that have come un- 
der my observation over a period of nearly 
30 years, I have found a close agreement in 
essential characters, such as would constitute 
a good species. While some variation in the 
intensity of coloring does occur, the only 
radical departure has been noted on the dorsal 
surface of the foot. This may vary from a 
grayish yellow with white markings, to a deep 
carmine. In all specimens observed, the gold- 
en margin of the cloak has been present, 
which seems a good descriptive character on 
which to base the name of the species. 

Most specimens have been found at Wai- 
kiki, where they may be seen swimming, or 
at rest on coral. Swimming is effected, as in 
H. tinkeri, by vigorous flexings of the body 
and undulations of the cloak margins. When 
the animal is at rest, the margins of the cloak 
are rolled up against its sides. 

A fluctuation in the size of the gills is 
found in some specimens, the middle pair 
being smaller than the others. The largest 
animal seen was found at Lanikai, Oahu, 
February 12. It measured 17 by 15 centimeters. 

The reproductive orifices, as in H. tinkeri, 
are located on the right side of the body, 
about one fourth the length from the anterior 
end, near the junction of the foot. The con- 
spicuous eversible penis is partly embraced 
on its posteromedial side by the semicircular 
female orifice. Copulation takes place as fol- 
lows: two individuals unite with heads turned 
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Fic. 15. Hexabranchus aureomarginatus n. sp. a, b, Dorsal and ventral aspects; c, oral tentacle; d, branchial 
plume; e and f, anterolateral and caudal aspects of rhinophore. (a, b, natural size; c, d, e, f, greatly enlarged.) 


in opposite directions and with right sides of 
the anterior ends of their bodies in contact so 
as to effect a reciprocal exchange of sperm. 

The egg structure consists of a flat bright- 
orange or scarlet ribbon attached by one edge 
to the substratum and wound around several 
times. It is referred to as Hexabranchus sp. in 
Ostergaard (1950: 109-110). 


Aeolidia edmonsoni sp. nov. 
Fig. 16, Pl. 1 


Body elongate pyriform, truncate anterior- 
ly, tapering to a point posteriorly. Rhino- 
phores moderately long, linear, smooth, taper- 
ing toward extremities and uniting at bases; 
pellucid pale green with opaque white flecks. 








Fic. 16. Aeolidia edmondsoni n. sp., ventral aspect 
(X 5.6) and papilla (greatly enlarged). 


Oral tentacles a little shorter than rhino- 
phores, more pointed, of same color, arising 
anterolaterally on dorsal surface of oral shield 
near its margin. Oral shield broad, as wide as 
foot, rounded anteriorly. Branchial papillae 
numerous and arranged in crowded obliquely 
transverse rows, which fall away gracefully 
from the middorsal line in a posterolateral 
direction. There are 12 or 13 rows, each con- 
taining about 14 on the anterior half of the 
body, the number gradually decreases pos- 
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teriorly, to only a few very small ones. ‘lhe 
papillae are flattened and have many eleva- 
tions and other irregularities on their proximal 
portions, and terminate distally in a nipple 
tipped with canary yellow. At the base of the 
nipple there is usually a collar of opaque 
white, and various tubercles of the same color 
occur over the proximal portion, otherwise 
pellucid. The central body (probably a liver 
process) of the papilla is olive green with 
numerous stubby branches, and terminates 
abruptly at the yellow cap of the nipple. In 
reduced light the papillae appear to be brown- 
ish or olive green, in normal light they are 
conspicuously transparent. Foot transparent 
white, rather broad, truncate anteriorly with 
rounded obtuse angles, tapering posteriorly 
from middle of body to a point. Yellowish 
viscera appearing through mid-region, and 
branchial papillae clearly visible through thin 
margins of foot. Mouth appearing on ventral 
side of oral shield as a longitudinal slit partly 
concealed by anterior margin of foot. Narrow 
middorsal region of body exposes between 
branchial papillae a pale pelucid green with 
minute white flecks similarly to rhinophores 
and oral tentacles. Eyes, minute and close 
together, located posterior to base of rhino- 
phores. Cardiac swelling located in middorsal 
region between branchiae, about one third 
the distance from anterior end of body. 

Length of body 25 millimeters, greatest 
width 12 millimeters. 

The holotype (U.S.N.M. 574932), which 
is here described and figured, was found in 
shallow water near the Hawaii Marine Lab- 
oratory at Waikiki in April, 1922, by C. H. 
Edmondson. Two more specimens were found 
the following year near the Elks Club, Wai- 
kiki. The animals were on a living colony of 
the coral Porites compressa, on the polyps of 
which they appeared to feed. Many of their 
egg structures were also attached to this coral. 

A description and figures of spawn and 
veliger stage are given in Ostergaard (1950: 
110), referred to as Aeolidia sp. 

I have named this species for Dr. C. H. 
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Edmondson for his generous aid in securing 
specimens. 


Melibe pilosa Pease 
Fig. 17 


Melibe pilosa Pease, Zool. Soc. London, Proc. 
1860: 34. 


The description by Pease fits so closely the 
specimen I have figured that it is quoted here: 


Elongate, smooth, widest anteriorly, and tapering 
to a point behind. Sides convexly rounded, and the 
back arched. Foot linear, grooved, extending the whole 
length of the body, and acute at both ends. Six pairs 
of thick tuberculated lobes along the back, the anterior 
pair opposite, the others alternate to one another, the 
last at the tip of the body. These lobes are easily 
deciduous, contracted at their bases, truncated above, 
convex outside, and flattened on the inner surface. 
Frontal veil very large, semi-globular, much inflated 
above; united beneath the head, forming a continuous 
margin, which is closely fringed. Mouth proboscidi- 
form, and the orifice vertical. Tentacles on the posterior 
portion of the veil rather remote, small, ovate, closely 
and transversely lamellated and retractile into long 
trumpet-shaped sheaths, which are furnished with lac- 
iniated appendages. Everywhere with small, soft, 
branched, tentacular processes. Colour fawn, subtrans- 
lucent, more or less crowded with whitish, which, under 
the lens, has the appearance of minute dots. Body 
punctured with brown, which are most conspicuous 
along the flanks. Tubercles on the lobes brown. Foot 
pale. 

Length 2% inches. 

These animals were found among seaweed, in the 
upper region of the laminarian zone, and when placed 
in a basin of water were very active, swimming by 
suddenly curving the head and tail laterally, so as 
nearly to touch one another. When slightly disturbed 
they could cast off one or all of their lobes. The length 
of their lobes varies much, being in some as large again 
as in others; they may be consequently reproduced, 
after being cast off. Their foot cannot be used for 
creeping on a flat surface, but is well adapted for 
clasping sea-weed. 


The above description of the habits of the 
animal agrees with my observation based on 
a considerable number of specimens found 
on the reefs near shore along leeward Oahu, 
principally at Waikiki and Kahala. Specimens 
have been found in September, February, 
June, and December. 

The specimen of M. pilosa that I have fig- 
ured measures 3 centimeters in length. Other 
specimens reached the length of 5 centimeters, 









Fic. 17. Melibe pilosa Pease. a, Dorsal aspect; b, de- 
tail of tentacle; c, oral aspect of frontal veil; @, lateral 
aspect. (a, d, X 2.4.) 
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thus approching the size of Pease’s 
inches”’ (6 cm., 3 mm.). 
While several of the animal’s habits have 
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been described by Pease, its feeding habit 


might also be mentioned as one of interest. 


The large oral veil is opened widely and 
placed with its free margin against a smooth 
surface; whereupon the slender marginal ten- 
tacles, aided by the constriction of the veil, 
gather the food particles (diatoms, etc.) to 
the mouth at the dorsoposterior wall of the 
velum. 

A description of the spawn and the veliger 
shell with illustrations is given in Ostergaard 
(1950: 111). 
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Sponges of Onotoa 


M. W. DELAUBENFELS' 


ONOTOA IS AN ATOLL Consisting of two prin- 
cipal and three lesser islets, with a lagoon, 
and is situated far out in the Pacific Ocean 
at about 1° 50’ south latitude and 175° 30’ 


east longitude. It is in the southern part of 


the archipelago known as the Gilbert Islands, 
only Tamana and Arorai being farther south. 

In July and August, 1951, sponges were 
collected at Onotoa by Preston E. Cloud, Jr., 
and Albert H. Banner. These were deposited 
in the United States National Museum, and 
all were given the museum number 195237 
They were sent to me for study in October, 
1952 and returned to Washington in Novem- 
ber, 1952. Many of the species were being 
described as new in my monograph of the 
Sponges of the Western Pacific, therefore pub- 
lication of this Onotoa collection was post- 
poned until the monograph appeared. 

Twenty identifiable species of sponge occur 
in the collection, 10 collected by Banner only, 
7 by Cloud only, and 3 by both. All those 
collected by Cloud had detailed ecological 
notes, but (with a few exceptions) those col- 
lected by Banner did not. 

The monograph referred to covers collec- 
tions from the Mariana, Palau, Caroline, and 
Marshall Islands. The latter are nearest to the 
Gilberts, and of all the Marshalls, Ebon is 
nearest to Onotoa. Of the present collection, 
approximately half the species occur also at 


' Department of Zoology, Oregon State College, 
Corvallis, Oregon. Manuscript received July 6, 1954. 


Ebon. The word approximately is used be- 
cause of the existence of some probably mu- 
tual possessions that are based, however, 
upon uncertain identifications. Certainly there 
is significant resemblance between the sponge 
faunas of Ebon and Onotoa. It has been my 
observation that each oceanic island that one 
visits has very few of the same species that 
occur on its neighbors, but still fewer from 
those islands that are yet farther away. 

Mid-pacific islands in general tend to have 
a certain type of sponge population; this con- 
sists of a few species that are peculiar to the 
island, (perhaps having evolved there), a few 
species that are cosmopolitan, but these a 
quite different assortment than the cosmo- 
politan species that are present on the nearest 
neighbors, and a few species (such as Stylotella 
agminata) that are widespread in the Pacific. 
This situation is conspicuously different from 
that occurring in the corals. 

Only one certainly new species occurs in 
the present collection, but it is also a new 
genus. Had the collecting been done by a 
sponge specialist, probably two or three 
others would have been found. It is to be 
expected that there would be about 40 species 
at such an island as Onotoa, whereas half 
that number are now available. Many sponges 
are so placed or characterized that they are 
likely to be overlooked. On the other hand, 
other marine objects often resemble sponges 
most deceptively. An interesting item some- 
what of this nature concerns the specimen 
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that received my number 52011. The field 
notes describe it as being a sponge that looked 
like a piece of red flannel. Microscopic ex- 
amination revealed that it was a piece of red 
flannel. 


DISCUSSION OF THE COLLECTION 


1. Spongia officinalis Linné, subspecies ma- 
tamata deLaubenfels 


Two specimens were taken by Cloud on 
August 21 and 24. The first, my number 
52064, was at a depth of 25 cm. below low 
tide, 810 meters N.E. of the monument on 
Aonteuma, N.W. Onotoa. The second, my 
number 52009, was at unspecified depth on a 
traverse from beach outward to reef front, 
opposite the Pacific Science Board camp site 
south of the Government Station on the 
north main island. 

The species (officinalis) is circumequatorial 
in warm waters. The subspecies is described 
in deLaubenfels (1954: 4), and is widespread 
throughout the Marshall Islands. It was found, 
but uncommon, at Ponape. It is potentially 
a useful commercial variety. 


2. Spongia zimocca Schmidt, subspecies 
canaliculata Lendenfeld 


Two specimens were taken by Cloud on 
July 24 and August 5. The first, my number 
52072, was off the end of the jetty at the 
Government Station at Baraitan, and was in 
poor condition at the time of collection, so 
that its identification is provisional. The sec- 
ond was a very large specimen, given special 
treatment. It was taken at a depth of slightly 
more than 2 meters, in an area of Thalassia— 
Microdictyon concentration, 550 meters S-SW 
from the Beach at TeKawa L.M.S. church. 

The species (z/mocca) is circumequatorial in 
warm waters. The variety canaliculata was de- 
scribed by Lendenfeld (1885: 502) from Aus- 
tralia. I found zimocca common in eelgrass— 
turtlegrass associations at depths of less than 
1 meter in Ponape and the Palaus, but these 
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all seemed to be the subspecies irregu/aris 
Lendenfeld (1885: 485) also from Australia. 
This variety has been considered common 
throughout the Australian, Indian Ocean, 
East Indian, and Philippine regions. The dis- 
tinguishing feature of canaliculata is the height 
of the rims about the oscules; they become 
erect tubes. This may be an ecologic modi- 
fication. Some varieties of zimocca have com- 
mercial value, but neither ‘rregu/aris nor the 
Australian canaliculata are especially valuable. 


3. Dysidea fragilis (Montagu) Johnston 


This sponge was taken by Cloud August 
21, my number 52048, at a depth of 25 cm. 
below low tide, 810 meters N.E. of the monu- 
ment on Aonte uma, N.W. Onotoa. It is 
cosmopolitan, occurring not only in the 
equatorial regions, but also in all seas except 
the Arctic and Antarctic. In the islands of the 
West Central Pacific, however, I found it only 
at Ailing-lap-lap of the Marshalls. It is re- 
described, based on that occurrence, by de- 
Laubenfels (1954:35). 


4. Dysidea chlorea deLaubenfels 


This sponge was taken August 15 by 
Banner, my number 52013. It was named and 
described by deLaubenfels (1954: 37), being 
common at Ebon Atoll of the Marshalls, but 
not elsewhere. 


5. Thorectopsamma mela deLaubenfels 


Several specimens were taken July 24 by 
Cloud, and August 2 and 9 by Banner. The 
first, my number 52071, was from off the end 
of the jetty at the Government Station, Barai- 
tan. The others were my numbers 52005, 
52065 and 52070. 

Described by deLaubenfels in 1954 (p. 29), 
this species is one of the most abundant in 
the West-Central Pacific. It was common on 
most of the Marshall Islands (but not at 
Majuro), for example at Ebon, Ailing-lap-lap, 
Likiep and Eniwetok, also in the Carolines at 
Ponape and Truk, and in the Palaus. It ap- 
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arently was common also in the Gilberts at 
P y 
Onotoa. 


6. Haliclona species 


Sponges of this genus were taken by Cloud 
on August 21, my number 52058, in an area 
of Thalassia patches on coarse lime-sand bot- 
tom, off N.W. end of outer rib of elevated 
beach rock at N. TeKawa, also by Banner on 
July 12, August 1 and 8, my numbers 52020, 
52017, 52014 and 52031. 

The genus Haliclona represents to an ex- 
treme the difficulties involved in sponge 
identification. It is abundant everywhere that 
sponges occur, and the general and probably 
correct assumption is that it represents nu- 
merous species. About a hundred species 
names have been placed in this genus, but 
these are perplexing.» Almost certainly the 
same name has been applied to what are 
really several different but superficially sim- 
ilar species. It is equally certain that some 
species have received several names based 
upon variations that are of minor importance. 
Decision is outstandingly difficult. In explan- 
ation it may be pointed out that these ubi- 
quitous sponges have only the very simplest 
of spiculations, merely simple oxeas of one 
kind. If they had microscleres, it would be far 
easier to discriminate among them. Further- 
more the architecture is of utmost simplicity; 
the sponges of the genus Ha/iclona have no 
ectosome at all—the structure of the endo- 
some merely comes to the surface and stops. 

Study of the living sponge, always helpful, 
is practically indispensible for Haliclona. The 
various species can be differentiated only by 
becoming familiar with numerous living spec- 
imens, and noticing fine points that do not 
appear in long-preserved specimens, and that 
are difficult to put on paper. 

The preservation of these Ha/iclonas is not 
bad. More detailed field notes would help 
some, but not greatly; no collection of pre- 
served Haliclona is satisfactory. Species iden- 
tification under these circumstances is always 
conjectural and is not here attempted. It is, 
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however, very probable that two or more 
species are represented. 


7. Callyspongia fistularis (Topsent) Burton 


One specimen was taken by Banner on 
August 6, my number 52034. It appears def- 
initely to be the same Callyspongia that is fairly 
common throughout the Marshalls, taken at 
Ebon, Majuro, Eniwetok and Rongerik. As 
noted, however, by deLaubenfels (1954: 85) 
it is perhaps a new species, rather than cer- 
tainly being fistularis. Topsent (1892: 25) de- 
scribed fistularis from the Red Sea. 


8. Pellina carbonilla deLaubenfels 


Cloud collected this sponge on August 23 
and 25, my numbers 52060, and 52053. The 
first was collected 5 kilometers N, 31° west 
from Tabu Arorae Maneaba, near center of 
Te Rawa ni Bao, a pass in the south part of 
the leeward reef. The second was collected 
one kilometer south and 80° west from Aiaki 
Maneaba, on a patch of reef in the central 
lagoon. 

This species was described by deLaubenfels 
(1954: 100) based on its occurrence at Ebon 
Atoll of the Marshall Islands. It was common 
at Ebon, but has not hitherto been discovered 
anywhere else. 


9. Agelas mauritiana (Carter) deLaubenfels 


This sponge was taken by Cloud on August 
23, my number 52054, 2790 meters north by 
30° west from Tabu Arorae Maneaba in the 
south part of Te Rawa Tekatobibi, a pass in 
the south end of the leeward reef. It was 
described by Carter from the Indian Ocean, 
and it has long been known to be common 
throughout the Australian regions. In 1949 
I found it well distributed in the Marshall 
Islands, at Ebon, Majuro, Bikini and Eni- 
wetok and have redescribed it (deLauben- 
fels, 1954: 113 ff.). 


10. Mycale armata Thiele 


This sponge was taken by Cloud on July 
25, my number 52015, at the southern portion 





of the northern main island, 240 meters 
southwest from the offshore end of the jetty 
of the Government Station. 

It was described by Thiele (1903: 950) 
from the East Indies, where it appears to be 
fairly common. It is redescribed by deLauben- 
fels (1954: 151 ff.) with records from Ebon, 
Ponape, and the Palaus. 


11. Spongosorites porites deLaubenfels 


This sponge was taken by Banner on July 
23 and 26, my numbers 52008 and 52016. 
It was described from the Island of Yap 
(deLaubenfels 1949: 124), and redescribed by 
deLaubenfels (1954: 179). 


12. Spirastrella potamophora deLaubenfels 


This sponge was taken by Banner on Aug- 
ust 15, my number 52002. It was described 
by deLaubenfels (1954: 197). It is extremely 
widespread, although as minute specimens, 
throughout the Marshall Islands, specifically 
at Ebon, Ailing-lap-lap, Majuro, and Likiep. 
It also occurred at Ponape. It is very close to, 
perhaps merely a subspecies of, Spirastrella 
decumbens, which is also widespread in the 
Marshalls and at Truk. This latter was de- 
scribed by Ridley (1884: 470) from the East 
Indies. 


ONOTOA, new genus 


This genus is established for the new species 
Onotoa amphiastra which is designated as type. 
Its family placement is puzzling, because iz 
resembles Placospongia, and my opinion is that 
its Closest relative is indeed Placospongia. It is 
not here placed in the Placospongiidae, how- 
ever, but is put in the family Spirastrellidae, 
because it conforms to the diagnosis for that 
family. It is a sponge of the order Hadromer- 
ida, having tylostyles as megascleres and 
streptasters as microscleres. The latter include 
distinctive amphispherasters. 

In my monograph of the phylum Porifera, 
(deLaubenfels 1936: 140), the new family 
name Choanitidae was substituted for Spira- 
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Fic. 1. Spicules of Onotoa amphiastra X 630 (camera 
lucida drawings). 4, Head of one of the tylostyles 
(pointed end not shown); 4, streptaster; c, immature 
amphiaster; d, mature amphispheraster. 


strellidae Hentschel, because the genus Choan- 
ites was established in 1822 and Spirastrella 
not until 1868. This action must be reversed 
because Topsent showed (1933: 27) that the 
type of the genus Choanites was not actually 
a sponge, as presumed, but was a compound 
ascidian. 


13. Onotoa amphiastra, new species 


A single specimen was collected by Banner 
on August 1, 1951, my number 52003. It 
occurred at a depth of 60 cm. in a tidepool 
of a Heliopora flat. It is a pale incrusting 
sponge, color in life not given. The consis- 
tency is very tough, and the surface is in 
polygonal areas, both items as in Placospongia, 
but the boundaries of these areas are slightly 
raised, instead of being grooves. The pores 
and oscules are closed, and were doubtless 
minute as is frequently the case for thin in- 
crusting sponges. 

The ectosome is a dense armour, packed 
with amphispherasters, whereas that of P/aco- 
Spongia contains sterrasters. The endosome 
contains fascicular tracts of megascleres, per- 
pendicular to the surface: The megascleres 
are tylostyles, frequently 9 by 630 microns in 
dimensions. A few are somewhat larger, and 
those that are smaller are evidently immature. 
The microscleres include scattered streptas- 
ters, about 30 microns in length with few 
but long rays, and the abundant amphiasters. 
The immature forms of these latter are strep- 
tasters with abundant rays, especially at their 
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ends. They are about 50 to 60 microns long. 
They are strongly suggestive of the immature 
forms of the microscles that characterize P/2- 
cospongia, but in this latter genus the longest 
rays are in the center, not at the ends. The 
mature amphispherasters have conical rays, 
not the blunted and branched rays of Placo- 
spongia’s sterrasters. These amphispherasters 
are 30 to 40 microns in head diameter, and 
69 to 80 microns in length. 


14. Stylotella agminata (Ridley) Lendenfeld 


This species was taken by both Cloud and 
Banner, as follows: 
July 27. Banner, my number 52056 
August 23. Cloud, my number 52059 
August 25. Cloud, my number 52050 
August 25. Cloud, my number 52052 
August 25. Cloud, my number 52057 
August 25. Cloud, my number 52062. 
Number 52059 was taken 5 kilometers north 
by 31° west from Tabu Arorae Maneaba near 
center of Te Rawa ni Bao, a pass in the south 
part of the leeward reef. The collections on 
August 25 were all in the central part of the 
lagoon. Number 52052 was 2.5 kilometers 
south by 76° west of Ai Aki Maneaba on a 
patch of reef. The other three were from deep 
water 4 kilometers west of Ai Aki Maneaba. 
This species was described by Ridley (1884: 
466) from Australia. It is abundant there, and 
throughout the Indian Ocean and East Indian 
region. It is reported as abundant in the West 
Central Pacific, and redescribed, by deLauben- 
fels (1954: 212). It was by far the most con- 
spicuous sponge in the Marianas, and was 
nearly as outstanding in the Palaus, Truk and 
Ponape. It was not certainly found in the 
Marshalls, however, although a few tiny in- 
crustations there (not identified) may have 
been juveniles. That study was made in the 
Marshalls earlier than in the other portions 
of Micronesia. Perhaps there is an annual 
cycle, and large size is reached only as late 
as August in some island regions. Stylotella 
certainly seems to have become noticeable at 
Onotoa toward the end of Cloud’s collecting. 


15. Cliona lobata Hancock 


One specimen was taken by Banner on 
August 8, my number 52032. This cosmo- 
politan boring species is redescribed by de- 
Laubenfels (1954: 215) and recorded from 
Ebon, Likiep and Rongerik of the Marshall 
Islands, and from Truk. 


16. Jaspis stellifera (Carter) deLaubenfels 


One specimen was taken by Banner on July 
31, my number 52019, 1.3 kilometers south 
by 32° west from Te Kawa church, at the 
lagoon margin of the south end of the reef 
stretch known as Aon te Baba. It is described 
as white in life. This species was described 
by Carter (1879: 344) from Australia. It is 
also recorded by deLaubenfels (1954: 225) 
from Eniwetok of the Marshalls and from 
Truk, where it is common. 


17. Tethya diploderma Schmidt 


This sponge was taken by Banner on Au- 
gust 2, my number 52004, and on August 6, 
my number 52035. It is a cosmopolitan spe- 
cies and is redescribed and recorded from 
Likiep Atoll of the Marshall Islands by de- 
Laubenfels (1954: 232). 


18. Tethytimea stellagrandis (Dendy) de- 
Laubenfels 


One specimen of this sponge was taken by 
Banner on August 6, my number 52036. The 
species is not described in deLaubenfels 
(1954) as are all the others in the present 
collection except the new species, therefore 
it will be described here. An additional justi- 
fication exists for this redescription; the Ono- 
toa specimen differs enough from that of 
Dendy that it is conceivable that a new spe- 
cies name might eventually be applied to it. 

This specimen in alcohol is a pale pinkish 
incrustation. The pores and oscules (which are 
closed) must have been minute. The surface 
is somewhat hispid, but is covered with tuber- 
cles of the sort characteristic of Tethya. The 
specimen is so thin that no sharp differentia- 
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tion between ectosome and endosome is 
evident. The megascleres are styles, or some- 
times inequi-ended strongyles up to 20 mi- 
crons in diameter. Their lengths are well over 
a millimeter, the longest always being broken 
during preparation for microscopical study. 
The microscleres include microspined euasters 
(chiasters) often 9 microns in diameter, but 
sometimes as large as 12 microns. There are 
also oxyeuasters 25 to 50 microns in diameter 
that may be immature forms. The distinctive 
spicules are large asters, about 100 microns 
in diameter, with branched tips to their rays. 
This modification also occurs in the spicules 
called sterrasters. These asters are perhaps 
spherasters, but not certainly, because the 
spherical centrum, if present, is obscure. 

Dendy (1916: 266) described a specimen 
from the Indian Ocean as Donatia stellagrandis. 
This was transferred to Tethytimea by deLau- 
benfels (1936: 164). It was subspherical, not 
incrusting, and was stony hard. Its surface 
was a mosaic of polygonal areas, which may 
or may not have originally been tubercles. 
The chiasters were all about 16 microns in 
diameter, and the distinctive spicules 250 mi- 
crons in diameter, hence the species name, 
stellagrandis. 


19. Myriastra debilis Thiele 


This sponge was taken by Cloud on August 
20, my number 52027. This was at the south- 
east end of the reef area known as Rakai Ati, 
at the south side of a large windward point 
of the reef near the center of the Atoll. 

This species was described by Thiele (1900: 
25) from the East Indies. It is not redescribed 
in deLaubenfels, 1954, but it is much like 
Myriastra purpurea which is described therein 
(p. 239). The difference is that the asters of 
debilis are oxyeuasters, not tylasters as in 
purpurea. This latter species is cosmopolitan, 
including occurrence at Ebon. Both species 
have as megascleres large oxeas, and some- 
what more slender anatriaenes and protriaenas. 
They tend to have radiate endosomes, cor- 
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Fic. 2. Spicules of Tethytimea stellagrandis * 630 
(camera lucida drawings). a, Head of one of the styles 
(pointed end not shown); 4, chiaster; c, oxyeuaster: 
d, one of the abundant distinctive asters. 


ticate ectosomes, subspherical shape and his- 
pid surfaces. 


20. Chondrosia chucalla deLaubenfels 


This species was taken by Banner on Au- 
gust 2, my number 52006, and on August 7, 
my number 52007. It was described by Len- 
denfeld (1888: 74) from Australia. It was 
redescribed and recorded from Ailing-lap-lap 
and Bikini by deLaubenfels (1954: 254). 
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Studies on the New Zea 





land Amphipodan Fauna 


No. 8. Terrestrial Amphipods of the Genus Talitrus Latr.' 


D. E. HURLEY? 


INTRODUCTION 


TERRESTRIAL AMPHIPODS belong to the crus- 
tacean family Talitridae and are of particular 
interest to Pacific workers as they are endemic 
to the Indo-Pacific region. Several of the 
species, especially the genus Ta/itrus, have 
been described first from material collected 
in Europe but without exception these col- 
lections have been from public gardens or 
hothouses where they have obviously been 
introduced accidentally by human agency. 


During systematic studies on the New Zea- 
land Talitridae, particular attention was paid 
to the terrestrial species. A surprisingly large 
number of species belonging to several gen- 
era occur in New Zealand and form an im- 
portant element of the leafmould fauna. Most 
of these belong to the genera Orchestia and 
Talorchestia and will be reported on elsewhere. 
However, one species of Talitrus was found 
to be very common on both islands. This 
species is here described and figured. In order 
to clarify its systematic position it was neces- 
sary to examine material from other Pacific 
countries and some confusion in previous 
identifications was revealed. With the assist- 


1 This study is part of an investigation carried out 
at Victoria University College, Wellington, New Zea- 
land, during the tenure of a New Zealand University 
Research Fund Fellowship. Other papers in the series 
appear in the Transactions of the Royal Society of New 
Zealand. Manuscript received April 12, 1954. 

2 Portobello Marine Biological Station, Port Chal- 
mers, New Zealand. 


ance of material not available to previous 
workers it has been possible to make a number 
of corrections which are detailed below. 
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Genus TALITRUS Latreille, 1802 


Latreille, 1802: 148 (partim). 
Stebbing, 1906: 521. 
Barnard, 1916: 222. 

Hunt, 1925: 854-863. 

Carl, 1934: 746-747. 
Schellenberg, 1934: 159. 
Burt, 1934: 181-191. 
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Barnard, 1940: 463. 
Schellenberg, 1942: 142. 
Reid, 1947: 18. 

Ruffo, 1947: 120. 

Ruffo, 1948: 206. 

The following generic description, taken 
from Burt (1934), is slightly amplified. The 
entomological terms which Burt used have 
been changed for the sake of uniformity. 

Antenna 1 shorter than peduncle of an- 
tenna 2. Maxilla 1 with palp minute, rudi- 
mentary or absent. Maxilliped with palp of 
three segments, or with rudiment of 4th seg- 
ment. First gnathopod simple and second 
feebly chelate in both sexes. Second gnatho- 
pod with merus produced distally, and propod 
produced beyond minute dactylos. Telson 
entire or emarginate. Uropods 1 and 2 bi- 
ramous, uropod 3 uniramous. 

The genus Talitrus Latreille (1802) was 
based in part on a species originally named 
Oniscus locusta by Pallas in 1776 (fide Stebbing, 
1888). Montagu (1808) proposed the new 
name saltator for this species since he con- 
sidered the specific name /ocusta had been 
wrongly applied and was no longer available. 
This species, Ta/litrus saltator, although cred- 
ited to Montagu, remains the type of the 
genus formulated by Latreille. 

The genus Talitrus is essentially defined by 
the simple first gnathopod and feebly chelate 
second gnathopod in both sexes, the minute 
palp of the first maxilla, the absence of more 
than a rudimentary 4th segment to the max- 
illiped palp, the entire or emarginate telson, 
and the uniramous 3rd uropod. 

Early definitions were found somewhat too 
restricted for the reception of certain new 
species. As a result, several new genera and 
subgenera have been proposed in later years. 
This has led to considerable confusion at the 
generic level. 

The genus Talitroides was erected by Bon- 
nier (1898) for a species of Talitroides later 
named Talitroides bonnieri by Stebbing (1906). 
Stebbing redefined Talitroides with T. bon- 
nieri as type species, the genus being char- 
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acterised by pleopods 1 and 2 in which the 
inner ramus was “rudimentary, reduced to a 
simple tubercle” and pleopod 3 which con- 
sisted ‘‘of a small process representing the 
peduncle without rami.”’ Schellenberg (1934) 
has indicated that T. bonnieri is probably a 
synonym of Talitrus alluaudi Chevreux, 1896, 
and that Bonnier himself was of this opinion. 
Bonnier’s material has been lost. 

Methuen (1913) erected the genus Ta/i- 
triator for Talitriator eastwoodae, a new species 
from Transvaal, with the following generic 
diagnosis: ‘‘Like Ta/itrus except for the fifth 
sideplate and the following characters: —An- 
tennule is slightly shorter than peduncle of 
antenna. The 4th joint of the maxilliped is 
present. Gnathopod I not as long as gnatho- 
pod II and not stronger; fifth joint strong and 
swollen.”’ Barnard (1916) transferred Talitrus 
sylvaticus Haswell and Talitrus kershawi Sayce 
to Talitriator. 

Hunt (1925) was of the opinion that, al- 
though there were some differences which 
set Talitrus saltator apart from the species then 
assigned to Talitroides and Talitriator, there 
was no justification for retaining Talitriator. 
Accordingly, he redefined Ta/itrus to include 
Talitriator. Neither Hunt nor Barnard (1916) 
mention Talitroides. 

Schellenberg (1934) has pointed out that 
Talitroides and Talitriator are synonymous, 
and has suggested that Ta/itroides, which has 
priority, should be retained as a genus for 
the terrestrial species. 

Burt (1934) redefined Tualitrus as given 
above with two subgenera, Talitrus (Talitrus) 
and Talitrus (Talitropsis). The latter is based 
on his new species, Talitrus (Talitropsis) topi- 
totum, and is distinguished from Ta/itrus (s.s.) 
by the following characteristics: ‘Maxillary 
palp absent. Second gnathopod stronger than 
the first gnathopod. Oostegites small, flat, 
distally rounded, borne on coxopodites of 
second gnathopod to third peraeopod inclu- 
sive. Branchiae borne on coxopodites of sec- 
ond gnathopod to fourth peraeopod in- 
clusive.”” 
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Barnard (1940) considered Talitropsis a syn- 
onym of Talitroides, which should be ranked 
either as a separate genus, Talitroides, or as a 
subgenus, Talitrus (Talitroides). He states, ‘I 
suggest therefore that the maxilliped palp and 
the 2nd joint of peraeopod 3 be regarded as 
the diagnostic features of Talitrus (s.s.) and 
that, following Schellenberg, all the other 
species be grouped together either generically 
or subgenerically.”” Schellenberg (1942), 
Stephensen (1943) and Reid (1947) accept 
Talitrus and Talitroides as separate genera. 
Reid gives a further characteristic which he 
states can be used to separate Talitrus saltator, 
“the only member of its genus,’’ from the 
species of Talitroides—some of the flagellar 
segments of the second antennae of T. sa/tator 
are toothed. 


I find myself most in accord with the view 
expressed by Ruffo (1947) who points out 
that terrestrial and littoral species occur in 
other genera (Orchestia, Talorchestia). lf Tali- 
trus and Talitroides are going to be separated 
on what, because of the scanty morphological 
differences, are essentially ecological grounds, 
then logically these other genera should be 
treated in the same way. He quotes, as evi- 
dence of the unreliability of these morpho- 
logical grounds for separation, the case of 
Talitrus gulliveri which is morphologically in- 
termediate between the Talitrus and Tali- 
troides species. In other words, the morpho- 
logical distinctions break down in practice. 
Because of this, he suggests that Ta/itroides 
be reduced to subgeneric rank to include all 
species of Ta/itrus living a typically terrestrial 
life, with the pleopods more or less reduced, 
and with the maxilliped palp elongated and 
not rich in spines. 

In this paper I draw attention to the max- 
illiped palp of Taditrus pacificus n. sp. which 
is also intermediate between that of T. saltator 
and those of the typical terrestrial species, 
serving further to emphasize Ruffo’s argu- 
ment. If his suggestions are adopted, then T. 
pacificus can be considered as belonging to the 
subgenus Talitroides on ecological grounds. 
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This is the course I have adopted. | have 
accepted Burt’s definition of the genus «s the 
most suitable in that it adequately dctines 
the genus and yet does not unduly limit ir, 


Ruffo’s proposals ensure that the distinctness 
of T. saltator from most other species in the 
genus is recognised without creating genera 
which, in my opinion, are not justified either 
in practice or in theory. 


Key to Species of Talitrus 


1. Maxilliped palp richly spinose; outer 
plate of maxilliped spinose distally and 
along inner margin; pleopods well de- 
veloped; antenna 2 with some flagellar 
segments toothed; littoral........ 
Tn saltator (Montagu) 


Antenna 2, flagellar segments smooth; 
terrestrial; other characteristics not com- 
en ue ahanee s 2 


2. Large inter-ramal spine of uropod 1 with 
rn cnaeaieaues cess con 


Inter-ramal spine of uropod 1 simple or 
absent; peduncle of uropod 3 with 1 or 
RG €66k2cacaurekaessenecne cud 4 


3. Inter-ramal spine of uropod 1 has small 
needle-like accessory blade at base of 
terminal spur; peduncle of uropod 3 has 
WE ik cacwkecenscnes pacificus n. sp. 


Inter-ramal spine of uropod 1 has no 
accessory blade........... decoratus Carl 


pe 


. Peduncle of uropod 3 has 2 spines. . . .5 
Peduncle of uropod 3 has 1 spine... .. 7 


5. Pleopod 3 reduced so outer ramus a small 
conical tubercle with single long terminal 
seta, inner ramus a barely recognisable 
rudiment; uropod 1, both rami without 
dorsal spines; telson with 4 or 5 spines 
on each lateral margin. . . . topitotum Burt 


Not as above; rami of pleopod 3 reduced 
but not less than half length of peduncle; 
uropod 1, dorsal spines on at least one 
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ramus; telson with 2 spines on lateral 
PP Ee re ee eee ere 6 


6. Gnathopod 1, carpus expanded; basos of 
peraeopod 3 comparatively narrow. .... 


ye eo eastwoodae (Methuen) 


i?) 


Gnathopod 1, carpus linear; basos of 
peraeopod 3 comparatively broad... ... 
A re Sag. SEE = africanus (Bate) 


7. Pleopod 3 vestigial or absent......... 8 


Pleopod 3, both rami present, though: 


OS PORE OS ae ee 10 


8. Third epimeral plate, anterolateral border 
produced into acute triangular projec- 
tion; outer plate of maxilliped apically 
pointed, with tuft of setae on outer mar- 
gin of outer plate as well as at tip...... 

pews kershawi Sayce 


Third epimeral plate, anterolateral border 
evenly rounded; outer plate of maxilliped 
not exactly as above................. 9 


9. Posterior border of 3rd epimeral plate 
minutely serrate and straight; maxilliped 
outer plate apically pointed as in T. 
kershawi but lacking setae on outer mar- 
ere rT sylvaticus Haswell 


Posterior border of 3rd epimeral plate not 
serrated, sigmoid; maxilliped outer plate 
terminally rounded. . . a//uaudi Chevreux 


10. Gnathopod 1, propod medially expanded, 
longer than carpus; epimeral plates, pos- 
terior margins sigmoid, serrated; inner 
ramus of pleopod 3 more than half pe- 
duncle length.......... tasmaniae Rufto 


These characteristics not combined as 


11. Pleopods, rami only about half peduncle 
length; propod of gnathopod 1 linear, 
shorter than carpus; posterior border of 
3rd epimeral plate straight and smooth 
Ty eA Meee a hortulanus Calman 


Pleopods, rami about as long as peduncle; 
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propod of gnathopod 1 linear, % carpus 
length; posterior border of 3rd epimeral 
plate not described but probably not as 
caw chawedanieanee gulliveri Miers 


One species only, Talitrus sylvaticus, so far 
is known from New Zealand. 


Talitrus (Talitroides) sylvaticus 
Haswell, 1880 
Figs. 1, 2 


Talitrus sylvaticus Haswell. Haswell, 1880: 246, 
pl. 7, fig. 1. Stebbing, 1906: 524 (literature). 
Sayce, 1909: 30-32, pl. XI. Chilton, 1916: 
83-86. Hale, 1929: 218-219, fig. 216. 
Ruffo, 1948: 206-207. 


Talitrus dorrieni Hunt. Hunt, 1925: 854-869, 
text-figs. 1-2; pl. 1-2. Rawlinson, 1937: 
589-592. 


Talitroides dorrieni (Hunt). Schellenberg, 1934: 
159-160. Reid, 1947: 19-20, fig. 10. 


Talitroides sylvaticus (Haswell). Stephensen, 
1943: 296. 


[non] Talitrus sylvaticus Haswell. Stephensen, 
1935: 19-24, figs. 1-3. Shoemaker, 1936: 
62-64, figs. 1-2. Schellenberg, 1942: 142- 
144, figs. 116-117. 


Description of Male 


Colour, in spirits, white. Eyes round, apart, 
black. In all details the female is very like the 
male. 

ANTENNAE. First: Length 1% mm.; reaching 
Y, along last peduncle segment of second 
antennae. Flagellum as long as peduncle, of 
7 segments each with group of small setae 
mediodistally, 2 short spines inferodistally. 
Peduncle segments successively narrower and 
longer, margins sparsely spined. Second: 
Length 5 mm.; flagellum longer than pedun- 
cle, of 23-33 segments each with 4 equi- 
distant spines around end; last segment tufted. 
Peduncle, 3rd segment % length 4th; 4th % 
Sth; segments finely spined and successively 
narrower. 
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MOUTH PARTS. Upper Lip: Finely setose dis- 
tally. Lower Lip: Inner lobes vestigial; inner 
and end margins of principal lobes strongly 
bristled. First Maxillae: Inner plate the shorter. 
Palp minute with only barest suggestion of a 
2nd segment. Second Maxillae: Plates sub- 
equal, distally setose. Left Mandible: Molar 
process has large setulose spine on inner 
proximal margin; spine-row of 4 setose spines; 
cutting edge of 3 plates, upper with 3 teeth, 
lower of 4, median of 2. Right Mandible: 
Cutting edge, upper plate of 4 teeth, accessory 
U-shaped, upper edge of U fimbriated and 
lower with 4 or 5 teeth. Maxilliped: Dactylos 
rudimentary. Inner and outer plates well- 
developed, inner with 3 stout teeth on end, 
a spine between each tooth, 2 pairs of plumose 
setae down cleft. Outer plate reaching / along 
carpus, distally sickle-shaped and prolonged 
to fine tip tufted with setae, convex outer 
margin naked; 4 sets of 1 or 2 spines on inner 
Margin, a pair on outer surface at merus level. 
Carpus as long as propod, merus shorter and 
wider, 2 or 3 long spines on outer distal angle 
of each; groups of fine setae on inner distal 
angles; inner surface of merus and carpus 
shallowly concave; small dome-like and seta- 
tipped dactylos ringed by 5 or 6 spines on end 
of propod. 


GNATHOPODS. First: Sideplate ovate-rectan- 
gular, ventrally and posteriorly spined. Basos 
width % length, a few small spines anteriorly, 
2 or 3 large stout spines posteriorly and at 
distal angle. Ischium subsquare, as wide, 
spined posterodistally. Merus subtriangular, 
a little longer than ischium, small scabrous 
pellucid lobe and 4 or 5 spines on posterior 
Margin; anterior contiguous with proximal 
half of carpus posterior margin. Carpus sub- 
triangular, almost twice size of merus, spined 
anteriorly and posteriorly; posterodistally ex- 
panded into slightly scabrous and pellucid 
lobe; row of about 6 spines obliquely across 
posterodistal surface. Propod slightly shorter 
and narrower than carpus, narrowing further 
to long curved dactylos; 3 sets of 2 or 3 
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spines on anterior margin, posterior ar! end 
margins strongly spined. Dactylos 2 piopod 
length, has spine on inner margin. Sccond: 


Sideplate subsquare, ventrally and postcriorly 
spined, posteriorly excavate. Basos width 
about % length, anterior margin and postero- 
distal angle spined. Ischium subrectanyular, 
width % length, posterodistally spined. Merus 
subrectangular, as long and wide as ischium, 
posterodistally produced to scabrous pellucid 
lobe, with 1 or 2 spines either side. Carpus 
wider, about twice as long, anteriorly convex, 
1 or 2 spines on distal angle; posterior margin 
expanded to scabrous pellucid lobe, about 
5 long spines along lobe base. Propod longer 
and narrower, with scabrous pellucid poster- 
ior margin produced in distal lobe beyond end 
of dactylos; 1 or 2 spines on anterior margin, 
2 or 3 on anterodistal angle, a double row of 
spines medially along surface. Dactylos small, 
palm slightly oblique, pair of spines at inner 
base of dactylos and dactylos tip. 


PERAEOPODS. First: Sideplate subrectangu- 
lar, posteriorly excavate, ventrally and pos- 
teriorly spined. Basos width about ¥ length, 
margins spined. Ischium subsquare, postero- 
distally spined. Merus as wide, about 3 times 
as long, a few spines anteriorly, quite strongly 
spined posteriorly. Carpus about % merus 
length, narrower, similarly spined. Propod 
longer, narrower, similarly spined. Short 
curved dactylos has spine on inner margin. 
Second: Segments shorter and narrower than in 
Pr. 1; otherwise similar. Third: Anterior lobe 
of sideplate larger than posterior; small spines 
ventrally and posteriorly on each margin. 
Basos ovate, narrowing distally, margins 
spined, those on anterior margin the stronger; 
other segments stouter than in Pr. 1, propod 
and dactylos longer, spines stouter. Fourth: 
Longer than Pr. 3. Basos further expanded, 
segments comparatively longer than in Pr. 
3, otherwise similar. Fifth: Much the longest; 
basos nearly as broad as long, posterior mar- 
gin finely serrate and minutely spined. 
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Fic. 1. Talitrus sylvaticus Haswell. a, Antenna 1; b, antenna 2; c, gnathopod 1, o; d, gnathopod 1, 9, propod 
and dactylos; e, gnathopod 2, &; f, gnathopod 2, &, propod and dactylos; g, gill of gnathopod 2; 4, peraeopod 1; 
i, peraeopod 2; 7, peraeopod 2, dactylos; &, peraeopod 3, sideplate, basos and gill; /, peraeopod 4, sideplate, basos 
and gill; m, peraeopod 5, sideplate and basos; ”, epimeral plates. 
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Fic. 2. Talitrus sylvaticus Haswell. a, Pleopod 1; b, pleopod 1, coupling spines; c, pleopod 3; d, pleopod 1 of 
Australian specimen; e, maxilliped; f, maxilliped, tip of palp; g, maxilliped, end of outer plate; 4, maxilla 1; 
#, maxilla 1, palp; 7, uropod 1; &, uropod 1, inter-ramal spine; /, uropod 1, minute spines fromm end of rami; m, 


uropod 2; ”, uropod 3; 0, telson. 


GILLS. That of gnathopod 2 is S-shaped 
and directed across sideplate rather than sus- 
pended pendulously; those of Pr. 1 and 2 are 
simple, pendulous, as long as basos; that of 
Pr. 3 somewhat S-shaped; that of Pr. 4 large, 
goose-necked, with cleft tip. 


EPIMERAL PLATES. Small setae on posterior 
margins; 1st with ventral angle obtuse, hind 
margin slightly convex; 2nd and 3rd with 
Straight posterior margins, posterodistally 
right-angled. 


PLEOPODS. First and Second: Biramous, pe- 
duncle and rami subequal, outer ramus of 8 
distinct segments, inner of 9, each with pair 


of long plumose setae; peduncle outer margin 
with plumose setae also; 2 coupling spines. 
Third pleopod a vestigial triangular stump. 


UROPODS. First: Peduncle longer than rami, 
2 or 3 spines dorsally, a long simple spine 
between rami; inner ramus with 4 spines 
dorsally; 1 long, 2 medium and 2 short end 
spines; outer ramus with 2 long and 2 short 
end spines, none dorsally. Second: Rami as 
long as peduncle which has 3 dorsal spines; 
inner ramus has 2 dorsal spines, 2 long and 3 
short end spines; outer has a short and 2 long 
end spines, none dorsally. Third: Ramus much 
smaller than 1-spined peduncle, 1 long and 
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1 short spine at ramus tip. Te/son: Longer 
than broad, end and side margins spined, 
slightly emarginate. 


HYPOTYPES. Slides 31, male; 32, female 
(specimen of 14 mm. length); from Hurley- 
ville. 


LOCALITIES. Hurleyville, Taranaki, coll. 
28/1/49, D.E.H.; from sawdust under wood- 
heap near hedge of Aeliagnus japonica, \ater 
found abundant under hedge also. Karori, 
Wellington, under rotting grass, coll. B.M. 
Bary, 6/4/48. Waipuna Valley, Te Kauwhata, 
coll. A. J. Healy, 3/5/48. ““"N. W. of Taupiri,” 
coll. A. J. Healy, 5/5/48. Ruby Bay, Nelson, 
leaf-litter, coll. H. Tyndal-Biscoe, 1953. 


DISTRIBUTION. New Zealand; Australia; 
Scilly Isles; Ireland. 


REMARKS. These specimens undoubtedly 
belong to the same species as those described 
by Hunt (1925) from Tresco Abbey Gardens 
in the Scilly Isles. Since Major Dorrien-Smith, 
who collected the specimens in the Gardens, 
seems also to have been responsible for the 
introduction of many New Zealand plants to 
the Island (cf. Booknotes in Countryside, sum- 
mer, 1951: 92), it seems not improbable that 
the animals were introduced from New Zea- 
land with the plants. Major Dorrien-Smith 
has also collected two species of New Zealand 
stick insects from the same gardens (Uvarov, 
1950). 

The number of localities from which the 
species has been taken in New Zealand and 
their distances apart indicate that the species 
is endemic. Some were undoubtedly near 
human habitation in conditions similar to 
those under which the introduced wood louse, 
Porcellio scaber, is found, but the Waipuna 
Valley specimens come from second-growth 
fern and bracken in eroded back country well 
away from any habitation. 

The only differences from Hunt's spec- 
imens are in the wider variation of antennal 
segment numbers which is not significant. 
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Australian specimens (Fig. 2d) differ slightly 
in lacking plumose setae along the pleopod 
peduncle. The species is easily recognised by 
its very distinctive and rather bare maxilliped, 
and the equally distinctive cleft-tip gill of the 
fourth peraeopod. This gill is large and con- 
spicuous. 

Two quite different species have been con- 
fused under the name Talitrus sylvaticus Has- 
well. This is not difficult to prove, but it is 
not simple to assign correctly the specimens 
recorded by various authors and, of more 
importance, to determine the correct applica- 
tion of the name sy/vaticus as proposed origin- 
ally by Haswell. Because of the tangled and 
circumstantial nature of much of the evidence 
involved, a lengthy discussion seems jus- 
tified. 

In my opinion Talitrus sylvaticus as defined 
by Hunt is not specifically distinct from Ta/i- 
trus dorrieni as defined by the same author, 
both being identical with Talitrus sylvaticus 
Haswell. Specimens of Talitrus described and 
figured by Stephensen (1935) and Shoemaker 
(1936) as Talitrus sylvaticus belong to an 
entirely different heretofore unrecognised 
species. 


The Identity of Talitrus sylvaticus Haswell and 
Talitrus dorrieni Hunt 


In 1880 Haswell described Talitrus sylvaticus, 
a species of amphipod “abundant on moist 
ground in wood and scrub of New South 
Wales.”’ Sayce (1909) amplified Haswell’s de- 
scription. Hunt (1925) described Talitrus 
dorrieni, a terrestrial amphipod from the 
Scilly Isles which he supposed had been in- 
troduced from the tropics. He separated it 
from Talitrus sylvaticus on several counts, no- 
tably the shape of the 1st and 2nd pleopods. 
Hunt described T. dorrieni as having ‘‘1st and 
2nd pleopods, rami distinctly segmented, in- 
ner ramus the longer, outer border of the 
peduncle clothed with long feathered setae” 
and T. sylvaticus ‘‘1st and 2nd pleopods, rami 
not distinctly segmented, outer ramus the 
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longer, outer border of the peduncle clothed 
with short single hairs.’” There were other 
differences—the telson of T. dorrieni was more 
spinous; the tip of the maxilliped outer plate 
had a long tapering tuft of setae and not a 
simple transverse row of short bristles as in 
T. sylvaticus; the fifth joint of the 1st gnatho- 
pod was prominently rather than minutely 
lobed, and the palp of the maxilla was ‘‘smaller 
and without a trace of a second joint.” 
Hunt has some very penetrating remarks to 
make on the “puzzling discrepancy” between 
accounts of the pleopods referred to by Cal- 
man (1912) and shows that specimens re- 
corded by Chevreux (1901) belong to a 
different species. I have examined several 
species of New Zealand terrestrial amphipods 
showing degeneration of pleopods toa marked 
extent and I believe that in these species the 
shape of the pleopods is much more constant 
than the earlier literature would lead one to 
expect. Carl (1934) and Schellenberg (1934) 
also hold this view. Nevertheless, it would 
be foolish to base specific identifications on 
the pleopods alone except where other evi- 


dence is entirely lacking, as in fragmentary 
specimens. 


Hunt notes these differences in pleopods 
between T. sy/vaticus and T. dorrieni: (1) the 
peduncle in T. sy/vaticus is “clothed with short 
simple hairs,” in T. dorrieni it has “long 
feathered setae;’’ (2) the rami in T. sylvaticus 
are not distinctly segmented, in T. dorrieni 
they are; (3) the inner ramus of T. dorrieni is 
the longer, in T. sy/vaticus the shorter. The 
value of these distinctions is somewhat less- 
ened when one takes into account Barnard’s 
descriptions of the various races of Talitroides 
eastwoodae. His f. typica has “‘pleopods with 
rami subequal, numerous close-set plumose 
setae along the whole length of the peduncle, 
and the rami more or less distinctly sub- 
jointed.” In f. cylindripes the rami are ‘‘more 
or less distinctly unequal (the outer the long- 
er), not jointed.” In f. ca/va the ‘‘peduncle of 
pleopods non-setose, the rami unjointed, but 
the incisions marking the limits of the fused 
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segments very deep, so that the ramus be. 
comes a series of subglobose segments.” Here 
we have all the variations necessary to link 
Sayce’s (or Calman’s) T. sy/vaticus with Hunt's 
T. dorrieni. And also the variation in the pro- 
portions of segments 5 and 6 in gnathopods 
1 and 2 noted by Hunt and Calman is surely 
very similar to that figured by Barnard for the 
forms of T. eastwoodae. 

Chilton’s Australian specimens also sup. 
port the opinion that T. dorrieni Hunt is 
identical with T. sy/vaticus Haswell. My New 
Zealand specimens, like Hunt's, have plumose 
setae on the peduncle. The Australian spec- 
imens, which agree with mine in all other 
respects, have short simple bristles or nothing 
at all along the peduncle. Only one specimen 
has the rami nonsegmented; it has the outer 
ramus, as in all of the Australian specimens, 
the longest; it lacks plumose setae along the 
peduncle (all Hunt’s conditions for T. s/- 
vaticus) but it agrees with T. dorrieni in both 
maxilliped and uropod 3 (of this more later). 
The Australian specimens also differ from 
Hunt’s in numbers of segments to the rami. 
In short, there seems to be wide variation in 
pleopod ornamentation. I would point out, 
though, that the essential shape of the pleo- 
pods is the same: first and second biramous, 
third one-segmented and vestigial. And, as 
far as I can see, there is no difference in pleo- 
pods in the published accounts of Haswell 
(1880), Sayce (1909), Calman (1912), Chilton 
(1916) or Hunt (1925). 

The palp of the first maxilla in T. dorrieni 
certainly has not an obvious second segment, 
but Sayce’s “‘vestige of [a] second [segment]” 
could apply. 

In all the specimens I have examined, the 
number of spines on the telson varies be- 
tween 3 and 5 to each margin. This leaves 
only one point of real value—the shape of 
the maxillipeds. The form of the maxillipeds 
in terrestrial Talitridae is remarkably constant. 
The figure in Haswell’s 1880 paper is very 
poor and of no real use. However, he describes 
the plate as “ending in a single tooth.” If 
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Figures 2e and 3a of this paper are compared, 
I think there is little doubt as to which this 
description applies. Add what I consider the 
operative phase of Sayce’s description of the 
maxillipeds, “outer masticatory plates small, 
each broad proximally, but rapidly narrowing 
to a bluntly pointed apex directed obliquely 
inwards and bearing, submarginally, a single 
transverse row of short stiff setae’’ and Sayce’s 
figures of the maxilliped, and it is difficult to 
find any significant difference between Has- 
well’s, Sayce’s or Hunt’s specimens. Further- 
more Chilron (1916) also figures the maxilli- 
ped of an Australian specimen of T. sy/vaticus 
and says that his specimen “‘agrees very closely 
with Sayce’s description.” Schellenberg (1934) 
records T. dorrieni from New South Wales, 
Australia. 

Dr. Keith Sheard informs me that no types 
of Haswell’s material exist. “Some of the 


specimens are labelled as types but they were 
added, either by Haswell or by other workers, 
at a much later date.”’ Sayce’s material seems 
likewise to be absent. A specimen of Haswell’s 
from Elizabeth Bay which Dr. Sheard kindly 


examined for me agrees with T. dorrieni. 
For all of these reasons I consider the max- 
illipeds of T. dorrient Hunt and T. sylvaticus 
Haswell identical and T. dorrient Hunt to be 
a synonym of Talitrus sylvaticus Haswell. 
Hunt’s arguments could possibly be advanced 
for giving T. dorrieni subspecific rank. 
Thomson (1892) figures T. sy/vaticus from 
Tasmania and notes its differences from Has- 
well’s specimens. Thomson’s specimens agree 
in having the 3rd pleopod vestigial, but his 
description of the 4th peraeopod gill and the 
maxilliped suggest some differences. Unfor- 
tunately, it is difficult to say from the figures 
whether the differences are specific or not— 
the lack of spines on the inner margin of the 
maxilliped outer plate suggests that Thom- 
son’s specimens differ from Hunt's T. dorrieni 
and, by inference, from Haswell’s specimens, 
but the difference may perhaps be due to 
faulty drawings. Whatever species Thomson's 
specimens belong to, they are certainly not 
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identical with Talitrus tasmaniae Rufto (1948), 
as one might have expected. 


The Identity of Talitrus sylvaticus as defined by 
Hunt and Talitrus sylvaticus as defined by 
Stephensen 


The literature after 1925 tends to obscure 
the facts on which Hunt based his new spe- 
cies, T. dorrieni. However, examination of 
Chilton’s material in the light of these papers 
helps clarify the vexing synonymy. All of 
Chilton’s material, with the exception of a 
Norfolk Island specimen, is from Australia. 
There appear to be five distinct species in- 
cluded in the collection under the label ‘‘Ta/i- 
trus sylvaticus.”’ These are: 

Talitrus kershawi Sayce (1909). 

Talitrus sp. from Central Creek (fragments 
only). 

Talitrus sylvaticus Chevreux. cf. Hunt, 1925. 

Talitrus sylvaticus Haswell (T. dorrieni, 
Hunt). 

Talitrus sylvaticus Stephensen, 1935. 

Talitrus kershawi is easily distinguished by 
the outer plate of the maxilliped, the gills of 
the fourth peraeopod, and the third epimeral 
plate, although in these specimens the last 
is not easy to discern. (See Fig. 4.) 

The Central Creek specimen is quite unlike 
any of the other four species in the third 
epimeral plate, about the only fragment of the 
animal left which is of any specific value. 

The Chevreux species is figured in part by 
Hunt (1925, text-fig. 5) who states that the 
specimen concerned “definitely. . . . does not 
belong to the species in question (T. sylva- 
ticus), if indeed to the genus Ta/itrus.’’ Chev- 
reaux’s specimens were obtained for him from 
Tasmania by Chilton. I assume that the only 
specimens labelled T. sy/vaticus from Tasmania 
in Chilton’s collection are from the identical 
locality and collection as Chevreux’s, espe- 
cially since they show identical features. Hunt's 
diagnosis of them as “not T. sylvaticus”’ dis- 
poses of the “puzzling discrepancy” in the 
published reports of the pleopods up to 1925. 
Hunt's remarks are very much to the point 
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and it is unfortunate that the same question 
should have been revived by the specimens 
which Stephensen (1935) and Shoemaker 
(1936) have described. 

Stephensen figures specimens of what he 
calls Talitrus sylvaticus from the Marquesas 
Islands. In using Hunt's key he has rightly 
decided that his specimens are not T. dorrieni 
and has come to the conclusion that there is 
no “important difference’’ between them and 
Sayce’s. I would dispute this on the grounds 
I have already given for considering Sayce’ s 
specimens identical with Hunt's. 

Shoemaker 
T. sylvaticus from the United States and his 
figure of the outer lobe of the maxilliped 
leaves no doubt that his specimens also differ 
from those at hand from New Zealand, from 
Hunt's and Sayce’s. (Schellenberg, 1942, re- 
produces these figures.) Shoemaker remarks 
that “Chilton . figures [the maxilliped 
outer] plate as narrow and distally acute with 
the inside margin concave. This is a very 
peculiar discrepancy which I cannot account 
for.’’ Shoemaker’s and Stephensen’s figures 
are identical for all appendages, particularly 
the maxilliped palp. The outer plate of the 
maxilliped figured by Shoemaker cannot be 
considered to answer to Sayce’s specifications 
of “rapidly narrowing.” Furthermore, I am 
convinced Sayce would not have overlooked 
a 3rd pleopod such as they figure to the extent 
of saying ‘‘no vestige of a third pair is to be 
found.” Specimens in Chilton’s collection 
from Fingal’s Bay, like those from Hunter's 
Hill mentioned by Chilton (1923) as having 
pleopod 3 ‘‘quite small, with the branches 
vestigial,” agree with Shoemaker’s in the max- 
illiped. Thus the Norfolk and Fingal’s Bay 
specimens, Shoemaker’s and Stephensen’s all 
agree very closely. They differ from T. sy/va- 
ticus in the maxilliped, both outer plate and 
palp; in the 3rd uropods; the 3rd pleopods 
(note the constancy in gross shape here 
again); the epimeral plates; the gills of peraeo- 
pod 4; and the shape of the spine between 
the rami of uropod 1. 


(1936) figured a specimen of 
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Fic. 3. Talitrus pacificus n. sp. a, Maxilliped; }, 
maxilliped, tip of palp; c, maxilliped, end of outer plate; 
d, uropod 1, inter-ramal spine. 


Reid (1947) figures T. dorrieni, T. alluandi 
and T. hortulanus, each with only one long 
spine on the peduncle of the third uropod, 
and throughout the genus the number of 
large spines on the peduncle seems reason- 
ably constant. Hunt’s specimens and those 
from New Zealand show one spine. Shoe- 
maker’s and Stephensen’s show three. Chil- 
ton’s specimens have both, but those with 
maxillipeds as in Hunt’s T. dorrieni figures 
have one spine and those with the Marquesan 
type maxillipeds have three. 

The epimeral plates figured by Stephensen 
and Shoemaker differ from those figured by 
Hunt and those of the New Zealand spec- 
imens. 

The long spine, commonly found in Tali- 
tridae, between the rami of the first uropod 
is extremely distinctive in Shoemaker’s and 
Stephensen’s specimens because of its terminal 
spur and accessory blade. The spine in T. 
sylvaticus and T. kershawi is quite simple with 
only the slightest curving of the tip. 
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The gill of peraeopod 4 in the New Zealand 
specimens, in Chilton’s specimens which I 
have referred to T. sy/vaticus, and in Hunt's 
specimens is long, goosenecked and cleft at 
the tip. In Sayce’s it appears to be the same. 
In Shoemaker’s and Stephensen’s it is blunter 
and much more bulbous terminally. 

I have illustrated for comparison the max- 
illipeds and inter-ramal spines of T. sy/vaticus 
Haswell (Fig. 2e—g, &); T. kershawi Sayce from 
Mt. Wellington, Tasmania [Chilton Collec- 
tion Tray 152/1—5 (Hy-H;)j, (Fig. 4); and 
T. pacificus from Norfolk Island (Fig.3). 

It is my opinion that the specimens de- 
scribed by Haswell as T. sy/vaticus are identical 
with those later described by Sayce (1909), 
Chilton (1916), Hale (1929), and Ruffo (1948) 
as T. sylvaticus; with those described by Hunt 
(1925) and Rawlinson (1937) as Talitrus dor- 
rieni; and with those described by Schellen- 
berg (1934) and Reid (1947) as Talitroides 
dorrient. The specimens described by Stephen- 
sen (1935) and Shoemaker (1936) under the 
name Talitrus sylvaticus belong to a different 
species which is here described as new, pro 
forma. 


Talitrus (Talitroides) Pacificus, n. sp. 
Fig. 3 


[non] Talitrus sylvaticus Haswell. Stephensen, 
1935: 19-24, figs. 1-3. Shoemaker, 1936: 
60-64, figs. 1-2. 


Maxilliped outer plate distally rounded, 
with oblique row of several setae, across plate 
distally and set in a little from inner distal 
margin. Palp has distal lobe set off by row of 
4 or 5 spinules but not separated from third 
segment. Uropod 1 has large inter-ramal spine 
with terminal spur, a small needlelike acces- 
sory blade at base of spur. Uropod 3 has 3 
large spines on peduncle. Gill of fourth per- 
aeopod terminally blunt and bulbous. Pleo- 
pods 1 and 2 normal, rami well developed 
with real or apparent segmentation, segments 
bearing plumose setae. Pleopod 3 has pedun- 
cle somewhat reduced, with a single vestigial 
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Fic. 4. Talitrus kershawi Sayce. a, Maxilliped; 4, 
maxilliped, tip of palp; c, maxilliped, end of outer 
plate: d, uropod 1, inter-ramal spine. 


ramus consisting of short rounded knob, with 
or without single terminal seta. Otherwise 
similar to Talitrus sylvaticus Haswell. 

TYPES: Slides 11-15 (Ni-N;), Tray 56, Chil- 
ton Collection, from Norfolk Island; depos- 
ited at Canterbury University College. 

LOCALITIES: Norfolk Island; Fingal’s Bay, 
New South Wales, Australia (Slides 11-14 
[F,-Fs], Tray 127, Chilton Collection). 

DISTRIBUTION: Norfolk Island; Australia; 
Marquesas Islands (Stephensen, 1935); United 
States of America (Shoemaker, 1936). 

REMARKS: Fuller descriptions and figures 
of this species will be found in the cited 
papers by Stephensen (1935) and Shoemaker 
(1936). Since I have not seen their material 
and they do not catalogue it, I have had to 
nominate as type a series of slides in the 
Chilton Collection. 


SUMMARY 


The generic status of Ta/itrus is discussed. 
It is considered that Talstroides deserves sub- 
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generic rank only, as of value in designating 
the truly terrestrial species. A key to species 
of Talitrus is given. Talitrus (Talitroides) syl- 
vaticus Haswell is recorded for the first time 
from New Zealand, described and figured. It 
is considered that Talitrus dorrieni Hunt is 
synonymous with Talitrus sylvaticus Haswell 
and that specimens attributed to Talitrus syl- 
vaticus by Stephensen (1935) and Shoemaker 
(1936) belong to a new species for which the 
name Talitrus (Talitroides) pacificus is pro- 
posed. This species is formally described and 
type material from Norfolk Island nominated. 
Brief references are made to other Pacific 
material belonging to this genus in the Chil- 
ton Collection. 
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The Osteology and Relationships of Certain Gobioid Fishes, 
with Particular Reference to the Genera Kraemeria and Microdesmus' 


WILLIAM A. GOSLINE? 


INTRODUCTION 


AMONG TROPICAL MARINE PERCIFORM FISHES 
there is a group of elongate, presumably bur- 
rowing forms of small to medium size that 
superficially resemble one another. Many of 
these, after varied systematic placement, have 
come to rest, somewhat uneasily, in the catch- 
all percoid family Trichonotidae (cf. Schultz, 
1943: 261). An investigation of the osteology 
of one of these genera, Kraemeria, showed it 
to be a gobioid. Comparison with Smith's 
(1951) account of Paragobioides copleyi indi- 
cated that it, too, was a gobioid. Smith erected 
for the single genus Paragobioides the family 
Paragobioididae, which, however, he places 
near the percoid families Ammodytidae and 
Trichonotidae. Dr. George Myers called to 
my attention several years ago the resemblance 
between P. copleyi and the supposedly blen- 
nioid family Microdesmidae. Dr. L. P. Schultz 
has been kind enough to turn over to me 
two paratypes of Microdesmus multiradiatus for 
dissection. These, too, prove to be members 
of the perciform suborder Gobioidei. 

The main purpose of the present paper is 
to place the genera Kraemeria and Microdesmus 
securely among the gobioid fishes. This has 
not been difficult, for osteologically the gobi- 
oids exhibit many distinguishing characters. 
A glance at the branchiostegal ray structure, 
the suspensorium, or even the caudal skeleton 


1 Contribution No. 65. Hawaii Marine Laboratory. 
2 Department of Zoology and Entomology, Uni- 
versity of Hawaii. Manuscript received March 3, 1954. 


would seem sufficient to determine whether 
or not a fish is a member of the suborder 
Gobioidei. Indeed, the gobioids have often 
been treated as a separate order from the Per- 
ciformes, e.g., by Jordan (1923), Regan 
(1936), Smith (1949), and Koumans (in 
Weber and de Beaufort, 1953). On the other 
hand Berg (1940), Schultz (1948), and others 
consider the gobioids as a suborder of the 
Perciformes. I have no strong personal pref- 
erence on the matter and assign the gobioids 
a subordinal status in this paper principally 
as a matter of conservatism. 

Having brought Mécrodesmus and Kraemeria 
into the Gobioidei, the question arises as to 
the status of these two genera within the 
suborder. To aid in determining these points, 
several gobioids of the most divergent types 
available have been skeletonized. As there 
appears to have been very little comparative 
osteological work done on the gobioid fishes, 
these skeletons are reported on in some detail. 
The species skeletonized are as follows: 
Microdesmus multiradiatus, Panama, formerly 

U.S.N.M. 85766 
Kraemeria samoensis, Marshall Islands 
Eleotris sandwicensis, Hawaiian Islands 
Ptereleotris microlepis, Marshall Islands 
Eviota epiphanes, Hawaiian Islands 
Gobiodon rivulatus, Marshall Islands 
Kelloggella oligolepis, Hawaiian Islands 
Awaous stamineus, Hawaiian Islands 


The classification of these species, except 
for Microdesmus which has always been con- 
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sidered a blennioid, according to Koumans 
(1931), apparently would be as follows: 
Order Gobioidea 
Family Eleotridae 
Eleotris sandwicensis 
Ptereleotris microlepis 
Eviota epiphanes 
Family Gobiidae 
Subfamily Gobiodontinae 
Gobiodon rivulatus 
Subfamily Gobiinae 
Awaous stamineus 
Kelloggella oligolepis 
Family Taenioididae 
Subfamily Taenioininae 
Paragobivides copleyi 
Family Psammichthyidae 
| =Kraemeriidae] 
Kraemeria samoensis 


The osteology of these species might be 
more assimilable if the external appearance of 
each could be illustrated. However, this is not 
feasible. The best that can be done in this 
regard is to provide citations to existing fig- 
ures of these species. These are: Kraemeria 
samoensis, (called Vitreola sagitta), Jordan and 
Seale, 1906, pl. 37, fig. 1; Microdesmus multi- 
radiatus, Meek and Hildebrand, 1928, pl. 98, 
fig. 3; Eleotris sandwicensis, Jordan and Ever- 
mann, 1905, fig. 210 on p. 480; Prereleotris 
microlepis, Koumans (in Weber and de Beau- 
fort), 1953, fig. 91 on p. 367; Eviota epiphanes, 
Jordan and Evermann, 1905, fig. 211 on p. 
482; Gobiodon rivulatus, Giinther, 1877, pl. 
109, figs. F and G; Awaous stamineus (the 
closely related, if not identical species Gobius 
crassilabris is illustrated by Giinther, 1877, pl. 
108, fig. B), Valenciennes, 1842, pl. 5, fig. 
5; and Kelloggella oligolepis, Jordan and Ever- 
mann, 1905, fig. 215 on p. 488. 

I wish to thank Dr. L. P. Schultz of the 
U. S. National Museum for turning over to 
me the specimens of Microdesmus, and Dr. 
D. W. Strasburg of Duke University for pro- 
viding the Marshallese material from which 
the specimens of Kraemeria, Gobiodon, and 
Ptereleotris were drawn. 
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Fic. 1. Anterior portion of head skeleton (plus eye) 
of Kraemeria, from above. EY, eye; FR, frontals (the 
suture between the frontals is not visible in the inter- 
orbital region); ME, mesethmoid; Mx, maxillary; PF, 
prefrontal; PG, pterygoid; PL, palatine; PM, premaxil- 
lary; VO, vomer. 


COMPARATIVE OSTEOLOGY 


Jaws 

The jaw structure of the gobioids inves- 
tigated seems to differ to only a minor degree 
from that of typical percoids. The strength of 
the jaws varies from fish to fish: in Gobiodon 
the jaws are short and heavy, in the other 
species longer and lighter. All the forms have 
a simple ascending pedicel to the premaxil- 
lary. In Ptereleotris this pedicel extends to 
above the middle of the eyes and is longer 
than the toothed portion of the premaxillary 
(undoubtedly indicating a protrusible upper 
jaw); in the other forms the pedicel is much 
shorter. In all except Eleotris the tooth-bearing 
portion of the premaxillary tapers to a more 
or less pointed tip laterally (Fig. 1). In Eleo- 
tris, the upper surface has a flange (similar 
to that shown by Gregory, 1933: 346 for 
Eleotris pisonis). The maxillary is usually a 
curved bar of approximately uniform cross- 
section behind its head (Fig. 1). In Micro- 
desmus the maxillary is produced anteriorly 
from its articulation with the premaxillary 
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pedicel as a strut that nearly meets its fellow 
from the other side in front of the premaxil- 
laries. The lower jaw seems to show little 
variation in the gobioids examined. 


Suspensorium 


Regan (1911: 730, 731) uses the shape of 
the palatine as a character for differentiating 
between the Eleotridae and the Gobiidae. For 
the Eleotridae he states, “Palatine with an 
ascending stem articulating directly with a 
lateral ethmoid apophysis behind the origin 
of the maxillary process,’ and for the Go- 
biidae, ‘‘Palatine T-shaped with a posterior 
process for articulation with the lateral eth- 
moid.”’ In this feature, Eleotris sandwicensis 
agrees well with Regan’s first statement and 
with his figure of E. marmorata (1911: 730, 
fig. 1). Awaous (Fig. 2c) shows distinctly the 
gobiid palatine as described by Regan though 
it can hardly be called T-shaped. However, 
the palatines of Prereleotris (Fig. 2a), Eleotris, 
and Gobiodon (Fig. 2b) appear to be more or 
less intermediate between the eleotrid and 
gobiid types. Indeed, one strongly suspects 
that Regan’s palatine differentiation is not as 
distinctive as it appears. In Microdesmus (Fig. 
2d) the palatine is a double-headed bone of 
peculiar shape which seems to be nearer that 
of Awaous than Eleotris. In Kraemeria (Fig. 1) 
the palatine does not seem to articulate di- 
rectly with the skull at all, almost certainly 
not with the lateral ethmoid, a small bone 
lying loose in the flesh. 

In Eleotris the palatopterygoid strut is more 
or less fused to the quadrate in typical percoid 
fashion (as shown in Regan, 1911: 730, fig. 1) 
although the mesopterygoid is reduced. In 
Awaous and Gobiodon, however, the palato- 
pterygoid strut has become loosely and mov- 
ably articulated with the quadrate and is thus 
a more or less independent unit from the rest 
of the suspensorium. In addition, the meso- 
pterygoid has dropped out completely and 
the palatine extends backward to the very 
base of the strut. In all these features Krae- 
meria (Fig. 3a) and Microdesmus (Fig. 36) 
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Fic. 2. Right palatopterygoid strut, from outside, 
of: a, Ptereleotris,; b, Gobiodon; c, Awaous, d, Micn- 
desmus. MS, mesopterygoid; PA, palatine; PG, pterygoid. 


resemble the gobiids rather than the eleotrids 
examined. There can be no doubt that the 
eleotrid type of palatopterygoid structure rep- 
resents the least departure from the basic 
percoid suspensorium. 

The most peculiar feature of the gobioid 
suspensorium is that the rear portion, between 
the articular and the cranium, instead of com- 
prising the usual single hyomandibular-meta- 
pterygoid-quadrate strut, is composed of two 
struts with a large non-osseus area between 
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them (Fig. 3). The anterior of these is made 
up centrally of the symplectic and meta- 
pterygoid and the posterior by the preopercle, 
which has become an integral part of the 
suspensorium rather than a superficial cover- 
ing bone. Both supports run between the 
hyomandibular above and the quadrate below. 
The non-osseus space between the two struts 
is covered externally by heavy jaw musculature 
which so often gives the gobies a fat-cheeked 
appearance. (The necessity for space for this 
musculature may have been the causal agent 
in the development of the peculiar gobioid 
suspensorium.) I am unaware of a similar 
suspensorial structure in any other fishes. The 
closest approach to it may be that of the order 
Gobiesociformes. This structure seems to be 
common to all the gobioids. It is found in 
Kraemeria and Microdesmus, and is figured by 
Smith (1951: 522, fig. 1) for Paragobivides 
copleyi. 


Opercular Series 


The three opercular bones are present in 


all the gobioid fishes examined. I find nothing 
about them noteworthy in reference to the 
present study. 


Gill Openings 


The gill openings of all the species here 
investigated except Kraemeria are broadly at- 
tached to the isthmus. In Miécrodesmus the gill 
openings are restricted to a subvertical slit 
running partly ahead of and partly below the 
pectoral fins. In Kraemeria the gill openings 
extend far forward, and the gill covers are 
narrowly attached to the isthmus. 


Branchial Arches 


The glossohyal in gobioid fishes has re- 
cently been dealt with by Takagi (1950). He 
believes that the primitive gobioid glossohyal 
is a bar (as it is in most fishes) and that the 
broad fan-shaped and the forked form are 
specializations within the group. 


Fic. 3. Right suspensorium (except palatopterygoid 
strut) and opercular bones, from outside, of: a, Krae- 
meria; b, Microdesmus. FO, non-ossified area; HM, hyo- 
mandibular; IN, interopercle; MT, metapterygoid; OP 
opercle; PG, pterygoid; PO, preopercle; QU, quadrate; 
so, subopercle; sy, symplectic. 


Among the fishes investigated here Pter- 
eleotris has a very long, narrow glossohyal 
(similar to type A of Takagi’s fig. 3), Eleotris 
a subtriangular bar (similar to type B), Micro- 
desmus and Kelloggella a spatulate glossohyal 
(nearest to type C), Gobiodon a triangular 
glossohyal (of type C), Kraemeria a bar with 
a slight fork at the tip (near type F), and 
Awaous a broadly forked bar (of type V). 
Though these glossohyal types agree in gen- 
eral with Takagi’s findings, my inability to 
read more than the summary of his article 
prevents my checking them in detail. 

Another bone that seems to vary greatly 
in both extent and shape is the urohyal. In- 
asmuch as the significance of this variation 
is unknown it will not be described. 

A highly diagnostic character for gobioid 
fishes would seem to be the ceratohyal struc- 
ture and the branchiostegal ray configuration. 
The least specialized representation of these 
features would appear to be that of Eleotris. 











Fic. 4. Right hyoid arch, from outside, of Krae- 
meria. BR, branchiostegal rays; CH, ceratohyal; EH, 
epihyal; GL, glossohyal; 1H, interhyal; UR, urohyal. 


Here, as in the other gobies examined (e.g., 
Kraemeria, Fig. 4), the ceratohyal deepends 
rather abruptly about two-thirds of the way 
back. In front of this deepened section lie two 
branchiostegals; on the rear section are three 
more. The branchiostegals on the narrow and 
those on the deep section are separated by a 
considerable interspace. On the epihyal of 
Eleotris there is a sixth branchiostegal. In all 
of the other gobioids examined there is only 
one branchiostegal ray on the narrow portion 
of the ceratohyal, only five branchiostegals in 
all, and the interspaces between the first and 
the others is even wider than the interspace 
between the first pair and the last four in 
Eleotris. This one (or two) plus four sequence 
of branchiostegal rays not only seems to be 
characteristic of all the gobies, but to my 
knowledge is unique to the group. This same 
sequence is shown by Smith for Paragobioides 
(1951: 522, fig. 1). 

So far as I can discern, the other most sig- 
nificant gill arch character within the gobioid 
fishes occurs in the lower pharyngeals. In 
Awaous the toothed upper surface of these 
two lower pharyngeals forms a single, coal- 
esced, subtriangular plate. On the lower 
surface, however, the junction between the 
two sides shows as a median suture. In Kel- 
loggella the two lower pharyngeals are con- 
tiguous but not fused. In the others ex- 
amined, except Kraemeria, the lower pharyn- 
geals are separate. In Kraemeria the two low- 
er pharyngeals are fused with no sign of a 
suture either above or below. In Microdesmus 
the lower pharyngeals are small and widely 
separated. 
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The anterior gill arches of most of the 
genera investigated have weakly developed, 
pectinate gill rakers. Gobsodon differs in having 
a double row of spiny gill rakers on the gill 
arches. 


Cranium 


The degree of ossification of the skull of 
the gobioids investigated seems to bear little 
relationship to the adult size of the fish. For 
example the skulls of a 1 inch Eviota and an 
8 inch Awaous are equally well developed. In 
two of the fishes, Kelloggella and Ptereleotris, 
the frontal and ethmoid regions are not well 
ossified, but this may be because juvenile 
specimens of the species were skeletonized 
rather than because the species were small. 
There is a membrane-covered fenestra over 
the otic bulla of Kraemeria. 

The two exoccipital condyles are always 
well separated. In all the genera examined 
except Kelloggella, Kraemeria, and Microdesmus, 
the supraoccipital extends down to the exoc- 
cipitals thus separating the epiotics (Fig. 5). 
In Kelloggella and Kraemeria (Fig. 5d) the two 
epiotics meet narrowly on the midline behind 
the supraoccipital; in Microdesmus broadly. 

In Gobiodon there is a crest running along 
the whole middorsal line of the skull from 
above the mesethmoid to the exoccipitals. 
In Eviota there is a moderately developed 
crest on the supraoccipital. The other genera 
examined have at most a small knob on the 
supraoccipital, not even that in Kelloggella. 

The parietals in the gobioid fishes seem to 
be absent invariably. Among the fishes dealt 
with here the area the parietals would normally 
cover is filled in two different ways. In Eleotris, 
Ptereleotris, Awaous, and Kraemeria (Fig. 5d) 
the parietal region is covered by the frontals 
which run back along the sides of the supra- 
occipital to the epiotics; the sphenotic in 
these fishes is small. In Eviota (Fig. 54), Kel- 
loggella, Gobiodon, and Microdesmus the sphen- 
otic extends across the upper surface of the 
skull on each side to the supraoccipitals, thus 
separating the frontals from the epiotics. 
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Fic. 5. Skull of Eviota, a, b (a, left half from above; 
b, left half from below) and of Kraemeria, c, d (c, right 
half from below; d, right half from above). Bo, basi- 
occipital; EO, exoccipital; EP, epiotic; FM, foramen 
magnum; FR, frontal; ME, mesethmoid; OP, opisthotic; 
PF, prefrontal; PR, prootic; PS, parasphenoid; PT, pter- 
otic; SO, supraoccipital; sP, sphenotic; vO, vomer. The 
non-ossified area on the ventral surface of the Krae- 
meria skull is partly stippled. 


In all the gobioid fishes at hand the skull 
is abruptly narrowed between the orbits. In 
the interorbital region the dorsal surface of 
the skull may be flat as in Eleotris and Awaous, 
form a concave trough as in Prereleotris and 
Eviota, or a narrow ridge as in the other gen- 
era. The prefrontals are always rather small 
and may be firmly attached to the skull, more 
or less movably attached, or completely free 
as in Kraemeria (Fig. 1). 
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The vomer is toothless in the genera under 
discussion. 

There is no basisphenoid. 

The individual bones of the lower surface 
of the cranium of some of these fishes are not 
sufficiently well demarcated to allow their 
certain determination. Consequently, only 
two bones in this area will be mentioned. The 
alisphenoids appear to be lacking and, so far 
as I am aware, are unknown in gobioid fishes. 
With regard to the opisthotics, Regan (1911: 
729) states that these bones are, ‘‘large, reach- 
ing basioccipital and separating exoccipitals 
from prootics.’’ Actually, the opisthotics ap- 
pear to be very variable in the gobioid fishes. 
In Awaous they agree well with Regan’s state- 
ment and his figure of Eleotris marmorata 
(1911: 730, fig. 1). In Eviota, however, the 
opisthotics are quite small (Fig. 5a). In Kel- 
loggella and Kraemeria they appear to be al- 
together lacking, and in this agree with 
Mistichthys luzonensis (Te Winkel, 1935: 473). 
It seems certain that the opisthotics are of no 
value as a distinguishing character for the 


gobioid fishes. 


Pectoral Girdle 


The pectoral girdle shows various stages 
of degeneration among the fishes examined 
here. 

Regan (1911: 729) states that the post- 
temporal is forked in gobioid fishes. This is 
true for the various species investigated ex- 
cept Kelloggella and Kraemeria. In Kelloggella 
the lower prong of the fork is made up of a 
ligament at the end of which is a minute 
ossification (which may possibly represent the 
detached opisthotic). In Kraemeria the post- 
temporal is a simple strut. 

The pectoral radials are said by Regan 
(1911: 729) to be, ‘'4, large, laminar, united 
to form a plate.”’ This is more or less true of 
all the species dealt with here except Krae- 
meria, which has only three actinosts (Fig. 6). 
It seems probable that the uppermost actinost 
is the missing one, as this one is reduced 
to a very weak strut in Kelloggella. 
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Fic. 6. Left pectoral girdle, from outside, of Krae- 
meria showing cleithrum and the three actinosts. 


Regan uses the primary pectoral girdle as 
a method of distinguishing between the Ele- 
otridae and Gobiidae. Of the Eleotridae Regan 
(1911: 730) states: ‘“‘Hypercoracoid [scapula] 
and hypocoracoid [coracoid] well developed; 
radials [actinosts] inserted on hypercoracoid, 
hypocoracoid, and on the ligamentous or 
cartilaginous tissue between these bones;” of 
the Gobiidae: ‘‘Hypercoracoid absent; radials 
inserted on the cleithrum, only the lowest in 
contact with the hypocoracoid.”’ 

Among the larger or better ossified skele- 
tons Eleotris and Eviota have a scapula and 
Gobiodon and Awaous do not. However, among 
the more weakly ossified pectoral girdles 
which include Mécrodesmus, Ptereleotris, Kellog- 
gella, and Kraemeria I can find neither coracoid 
nor scapula. Consequently I can only con- 
clude that the osteological characters of the 
pectoral girdle, if valid, are extremely difficult 
to use. 


Vertebrae 


Regan has given the vertebral number 
among gobioid fishes as 25 to 28 for the 
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Eleotridae and 25 to 34 for the Gobiidae. 
Among the species investigated here Prereleg. 
tris, Eviota, Kelloggella, Gobiodon, and Krae. 
meria each has 26 vertebrae. However, the 
vertebral count given by Reid (1936: 71) for 
Microdesmus multiradatus is 62, and the range 
of vertebral variation found by Reid in the 
genus Microdesmus is 42 to 62. Smith (1951: 
521) gives the vertebral count of his Para. 
gobioides copleyi as 59. Thus Microdesmus and 
Paragobioides copleyi have vertebral counts ly- 
ing well beyond the normal vertebral range 
in the Gobioid fishes. It is true that these 
two genera are made up of far more elongate 
fishes than the usual goby. Nevertheless, 
there are other elongate gobioids that so far 
as known do not have more than 34 vertebrae 
(cf. Hora, 1924: 156). 


Caudal Skeleton 


The caudal skeleton of the gobioid fishes 
(Fig. 7a-c) appears to be highly diagnostic. 
Above and below the main wings of the 
hypural fan are small splint-like bones. In 
front of the upper splint is a large plate-like 
ossicle that appears to lie free in the mem- 
brane above the urostyle, or which, in Awaous, 
is attached along its anterior edge to the 
preurostylar neural spine. These main features 
of the gobioid caudal skeleton seem to be 
constant in all of the species examined; varia- 
tions in some of the minor features are illus- 
trated in Figure 7a-c. 

The small island of bone above the uro- 
stylar vertebra does not seem to be essen- 
tially different from that found in the typical 
percoid Epinephelus. However, Epinephelus and 
most other perciform fishes (Fig. 7d-/) ex- 
amined do not have the splint-like bones 
above and below the hypural fan. Smith's 
figure of Paragobioides copleyi (1951: 522, fig. 
1E) does not show these splints either, but 
as they are small they may have been over- 
looked. 


Fins 
In the fishes dealt with here there is either 
approximately (Eleotris, Microdesmus) or ex- 
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actly (Awaous, Kelloggella, Eviota, Gobiodon, 
Kraemeria) one soft dorsal (or anal) ray per 
vertebra in the region occupied by these fins. 
Ptereleotris differs rather sharply from the fore- 
going genera in having two or three soft rays 
per vertebra. 

All of the genera examined except Micro- 
desmus have a separate spinous dorsal of five 
or six soft spines, the last of which is some- 
what separated from the others; the inter- 
neural of the first spine extends between the 
3rd and 4th neural arches and the last be- 
tween the 7th and 8th neural arches. In 
Microdesmus the dorsal is a single undiffer- 
entiated fin the first interneural of which lies 
between the 4th and 5th vertebra. 

The number of principal caudal rays is in- 
determinable in several of the species in- 
vestigated. 
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Fic. 7. Caudal skeleton of three gobioids (a, 
Ptereleotris; b, Kraemeria; c, Kelloggella), of two percoids 
(d, Crystallodytes cookei (Trichonotidae); e, Ammodytes 
tobianus), _ of a blennioid (f, Istiblennius gibbifrons 
(Blenniidae) 


165 


The pectoral fin is more or less rounded in 
all of these species. The number of pectoral 
rays is 12 in Microdesmus and only 8 in 
Kraemeria. The low number of pectoral rays 
in Kraemeria is probably correlated with the 
degeneration of the pectoral girdle in this 
fish. 

The pelvic fins of Eleotris, Ptereleotris, Eviota, 
Kraemeria, and Microdesmus are separate. 
Those of Awaous, Gobiodon, and Kelloggella 
are fused. There are five soft rays in the pelvic 
fins of all except Eviota, which has four, and 
Microdesmus, which appears to have only three 
soft rays. 


RELATIONSHIPS 


I believe there can be no question regarding 
the allocation of Microdesmus and Kraemeria 
to the gobioid fishes. Both of these genera 
agree with most of the characters by which 
the gobioid fishes have been and can be 
defined: the absence of parietals from the 
skull and the peculiarities in the suspensorium, 
hyoid arch, and caudal skeleton. In all these 
features Microdesmus and Kraemeria disagree 
with both the blennioid and the trichonotid 
fishes. 

By contrast the chief features by which these 
two genera can be and have been separated 
from the gobioid fishes are as follows. 

In Kraemeria the gill openings extend 
rather far forward, but they also do in the 
gobioids Glossogobius, Chaenogobius, and Trim- 
ma (Schultz, 1943: 223, 248). The epiotics 
meet below the supraoccipital, but they also 
do in Kelloggella as noted above. The opis- 
thotics are absent, but Te Winkel has been 
unable to find opisthotics in Mistichthys and 
I have been unable to find them in Kelloggella. 
The lower fork of the posttemporal is lacking, 
but it also is in Kelloggella. Finally, the pectoral 
girdle and fin are greatly reduced, but in this 
Kraemeria merely shows a terminal stage in a 
reduction demonstrated in other gobioids. 

Microdesmus differs from the typical gobi- 
oids chiefly in the great elongation of the 
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body and in the apparently correlated in- 
crease in number of vertebrae and change in 
dorsal fin structure. In the typical gobioids 
the vertebral number is apparently around 26, 
but in some of the more elongate species the 
number reaches 34. Microdesmus, with 42 to 
62 vertebrae seems to be simply the terminal 
point in a line of gobioid specialization for 
which intermediate steps are known. The 
absence of a separate spinous dorsal fin is 
also known in other gobioid genera, most of 
them again elongate forms; in many of these 
the dorsal spines are poorly differentiated 
from the soft rays. 

It may be well, at this point, to summarize 
the salient characters which would seem to 
distinguish the Gobioidei, including Krae- 
meria and Microdesmus, from other suborders 
of the Perciformes. 

Parietals lacking. Branchiostegals (4) 5 or 
6, the first one or two well separated from 
the others. Mesopterygoid narrow or absent. 
Preopercle and symplectic widely divergent 
above, with an interspace between them. Hy- 
purals with a splint-like bone above and 
below. 

A host of less diagnostic characters might 
be added. Nevertheless, it is necessary to weed 
out of the existing diagnoses of the gobioid 
fishes, for example those of Regan (1911: 729) 
and Koumans (in Weber and de Beaufort, 
1953: 1), a number of the features usually 
listed. 

The pelvic fins may be reduced (Micro- 
desmus) beyond, ‘4 or 5 soft rays.” The epio- 
tics are not always (Kelloggella, Microdesmus, 
and Kraemeria), ‘‘separated by the supraoc- 
cipitals.’” The opisthotic is not always large 
(Eviota, Kelloggella, Kraemeria). The lower 
pharyngeals are not always separate (Awaous, 
Kraemeria). The posttemporal is not always 
forked (Kelloggella, Kraemeria). There may be 
only three actinosts (Kraemeria). Finally, the 
number of vertebrae may be very much greater 
than 34 (Microdesmus). 

Before attempting to establish the position 
of Microdesmus and Kraemeria within the Go- 
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bioidei it may be well to list in phylovenetic 
key form the principal osteological differ. 
ences between the various forms here ex. 
amined. 


la. Branchiostegal rays 6........ .Eleotris 
1b. Branchiostegal rays 5. 
2a. Two or three soft dorsal interneurals to 
each neural spine Ptereleotris 
2b. Usually one soft dorsal interneural to 
each neural spine. 

3a. Fewer than 30 vertebrae; a separate 
spinous dorsal fin of 5 or 6 spines. 
4a. Four actinosts and 12 or more 
pectoral rays; gill membranes 
broadly attached to the isthmus. 
Sa. No crest running along the 
whole top and back of head; 
branchial arches without or with 

weakly-developed gill rakers. 
6a. Lower pharyngeals separate; 
sphenotics meeting the su- 

praoccipital. 

7a. Epiotics separated by the 
supraoccipital; pelvics sep- 


7b. Epiotics meeting behind 

the supraoccipital; pelvics 

united Kelloggella 

6b. Lower pharyngeals fused; 
sphenotics not meeting the 
supraoccipital Awaous 

5b. A crest running along the top 
and back of skull; branchial 
arches with two rows of spinous 

gill rakers Gobiodon 

4b. Three actinosts and 8 pectoral 
rays; gill membrane narrowly 
united to the isthmus. Kraemeria 

3b. Sixty-two vertebrae; no separate 
spinous dorsal fin Microdesmus 


This synopsis indicates the general opinion 
that in the Gobioidei E/eotris is undoubtedly 
nearest to the basic percoid stock from which 
the gobioids appear to have arisen. Beyond 
Eleotris there would seem to be a number of 
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lines of specialization as well as a major 
grouping around the typical gobies. With 
the meager amount of material at hand it 
seems impossible to delimit these adequately 
or properly. About all that can be said is that 
a division between the gobioid fishes with 
ventrals separate and those with ventrals 
united may be convenient, but that it prob- 
ably does more to obscure than to clarify the 
true phylogenetic sequences within the Go- 
bioidet. 


KRAEMERIIDAE 


As noted by numerous authors, e.g., Schultz 
(1943: 262), the genus Kraemeria has been 
described at least three times, i.e., as Kraemeria 
(Steindachner, 1906: 41), and Vitreola (Jordan 
and Seale, 1906: 393) from Samoa, and as 
Piammichthys (Regan, 1908: 246) from the 
Seychelles. The genus has been placed among 
the gobioids by Jordan and Seale (1906: 393), 
Regan (1911: 733), etc., and with the tricho- 
notids by Regan (1908: 246), Fowler (1938: 
300), Schultz (1943: 262), etc. A family 
(Psammichthyidae) was first erected for it by 
Regan (1911: 733). 

Aside from Kraemeria only two other gen- 
era seem to have been attributed to the 
Kraemeriidae. One of these is Gobitrichonotus 
Fowler (1943: 85). This genus would seem 
to differ from Kraemeria chiefly in that the 
pelvics are fused and the two dorsal fins are 
completely separate. In these features Gobi- 
trichonotus is intermediate between the typical 
gobies and Kraemeria, thus making the Krae- 
meriidae more difficult to define. 

More recently Whitley (1951: 402) has de- 
scribed the rather nondescript genus Parkrae- 
meria as a kraemeriid. Whether or not this 
fish is actually related to Kraemeria | am 
unable to judge. 


The question of the rank to be attributed 
to Kraemeria and Gobitrichonatus within the 
Gobioidei cannot be finally determined until 
more is known about the other forms of the 
suborder. Tentatively, and in part because it 
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causes no nomenciatorial innovation (cf. 
Berg, 1940: 487), the two genera Kraemeria 
and Gobitrichonotus may be recognized as a 
family Kraemeriidae. The family may, per- 
haps unsatisfactorily, be distinguished from 
other gobioid families as follows: 

Scaleless, small-eyed gobioid fishes with a 
projecting chin. Gill openings extending 
rather far forward, the gill covers narrowly 
attached to the isthmus. Pectoral rays 8 or 9. 
Dorsal and anal free from the caudal. Pelvics 
separate or united. Dorsals separate or united. 


If Parkraemeria actually belongs to the 
Kraemeriidae several of the diagnostic fea- 
tures given above will have to be omitted, 
leaving a rather weak residue, for Parkraemeria 
lacks a projecting chin and has large eyes 
and 15 pectoral rays. 


MICRODESMIDAE 


The microdesmids, to my knowledge, have 
been universally treated as blennioid fishes, 
and have been accorded family status, c.f. 
Regan (1912: 274). The Microdesmidae con- 
sists, according to Reid (1936), of a single 
genus Microdesmus described by Giinther 
(1864: 26) containing 10 species from both 
coasts of tropical America and from the 
Cameroons. However, certain species from 
the tropical western Pacific not included by 
Reid apparently also belong with the micro- 
desmids. In 1858 Bleeker described the genus 
Gunnellichthys from the East Indies. Jordan 
(1923: 233) placed this genus in his provi- 
sional family Chaenopsidae, and de Beaufort 
(in Weber and de Beaufort, 1951: 447) allo- 
cated it to the Pholidichthyidae. It appears 
from evidence presented below, that Gunnel- 
lichthys must not only be extracted from the 
above families but removed from the blen- 
nioid fishes altogether and placed with 
Microdesmus among the gobioids. 

Kendall and Goldsborough (1911: 324) 
described the genus Paragobioides, based on 
P. grandoculis from the Marshall Islands. This 
species has been allocated to the percoid fam- 
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ily Trichonotidae by Fowler (1938: 206) as 
well as to the gobioid Taeniodidae (Hora, 
1924: 162). It was supposedly redescribed 
from Line Island specimens by Fowler (1938: 
206), but since Fowler's redescription states 
in part: “gill openings wide, extend well 
forward,’ there seems some doubt that Fow- 
ler had Kendall and Goldsborough’s species. 

In 1951 Smith described Paragobioides cop- 
leyi and erected for the genus the family 
Paragobioididae, which he places near the 
Ammodytidae and Trichonotidae. As Dr. 
Strasburg first pointed out to me, Smith’s 
description and figure of Paragobioides copleyi 
differ in only minor respects from those given 
by de Beaufort (/oc. cit.) for Gunnellichthys 
pleurotaenia. (In Gunnellichthys pleurotaenia the 
dorsal and anal fins are said to be attached 
by a low membrane to the caudal; in Para- 
gobivides copleyi the dorsal and anal are said to 
end before the caudal base. In G. pleurotaenia 
the pelvic rays are said to be 2; in P. copleyi 
they, “vary from 4-6.” In P. copleyi the chin 
protrudes; in G. pleurotaenia, the figure does 
not show a protruding lower jaw.) It would 
seem therefore that Paragobivides copleyi and 
Gunnellichthys pleurotaenia may well be con- 
generic. 

Another species with a banded color pat- 
tern similar to those of Gunnellichthys pleuro- 
taenia and Paragobioides copleyi is ‘‘Cerdale’’ 
bilineatus, rather briefly described but not fig- 
ured by Clark (1935: 394) from the Gala- 
pagos. About all that can be said from Clark’s 
description is that his species most probably 
belongs in the Gunnellichthys-Paragobivides- 
Microdesmus group. 

The differences between Paragobioides cop- 
leyi and P. grandoculis would seem to be of 
about the same magnitude as those separating 
the former species from Gunnellichthys pleuro- 
taenia. Smith has already noted (op. cit.: 521) 
the more anterior origin of the pectoral and 
the different coloration of P. copleyi. In addi- 
tion, unlike P. copleyi, the dorsal rays of P. 
grandoculis are said to be ‘‘somewhat produced 
beyond membrane.” 
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Without specimens at hand it seems futile 
to try to determine whether Microdesmuys, 
Gunnellichthys, and Paragobioides are separate 
and valid genera. It may be that all three will 
have to be combined into a single venus 
(Gunnellichthys) but in order to make as few 
nomenclatorial changes as possible the three 
genera may provisionally be maintained as 
separate. They may be separated, probably 
artificially and certainly unsatisfactorily, by 
the following key: 
la. Pelvic soft rays 2 or 3. 

2a. Body without a well marked longitu- 

dinal stripe. Dorsal and anal united to 

the caudal by a membrane Pr 

Microdesmus 

2b. Body with a well-marked longitudinal 
stripe. 

(3a. Dorsal and anal free from the caudal 

“Cerdale”’ bilineatus Clark) 

3b. Dorsal and anal connected with the 

caudal by a low membrane 
Gunnellichthys 


1b. Pelvic soft rays 4 to 6. Caudal free from 
the dorsal and anal... Paragobioides 


The osteology of Microdesmus multiradiatus 
has been dealt with above. That of Para- 
gobivides copleyi has been described by Smith 
(1951). The main differences I can find be- 
tween these two accounts are as follows. In 
P. copleyi the radials of the first few dorsal rays 
are said, and shown (Smith,. 1951: 521 and 
fig. 1B), to be quite isolated and subhorizon- 
tal; in Microdesmus they are well developed 
and interdigitate with the tips of the neural 
spines. In P. copleyi the pectoral girdle is well 
ossified and exactly as described and shown 
by Regan for the Gobiidae; I am unable to 
determine the details of the pectoral girdle 
structure in Mécrodesmus. The skull is said to 
be highly cartilaginous in P. copleyi (in which 
the total length of the fish was only 2 to 3 
inches), whereas in a skeleton of M. multi- 
radiatus (5.5 inches in length) the skull is 
well ossified. In P. copleyi there is said to be 
a large mesopterygoid, but I believe that this 
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bone is really the pterygoid, as no pterygoid 
is shown in Smith’s figure (1951: 522, fig. 1). 
Smith also shows (same fig.) the ceratohyal 
as a bone of even depth throughout, whereas 
in Microdesmus the ceratohyal is abruptly 
deepened posteriorly. Again in P. cop/eyi there 
are, as mentioned above, no splint-like bones 
shown (Smith, 1951: 522, fig. 1E) above and 
below the hypural fan, but this I suspect may 
be an omission. These differences are in no 
way significant, in my opinion. 

The family to which these genera belong 
may provisionally be called the Microdesmidae 
(following Regan, 1912; Reid, 1936; etc.). 
The peculiarities of the family within the 
suborder Gobioidei consist chiefly of the 
elongation of the body with the correlated 
increase in vertebral number and the contin- 
uous dorsal fin without distinction between 
spines and rays. In addition, however, it has 
a peculiar maxillary structure in that the max- 
illaries send out anterior prolongations which 
meet or nearly meet each other on the midline 
in front of the premixillary pedicels. 

The family thus defined seems to be of 
circumtropical distribution. The Microdis- 
midae, however, have been associated hitherto 
with temperate blennioid families. From these 
they can, I believe, be differentiated exter- 
nally by having two widely separated nostrils 
on each side of the head, one near the snout 
rim and the other just in front of the eye. 
Internally, they can be separated by any of 
the gobioid features listed above, and also by 
the complete absence of a circumorbital ring 
of bones. The elimination of the tropical 
microdesmids from the temperate series of 
blennioid families seems logical geographic- 
ally as well as phylogenetically. 

Among tropical groups the Microdesmidae 
may perhaps most easily be confused super- 
ficially with the Trichonotidae or certain of the 
tropical blennioid groups, e.g., the Pitroscir- 
tinae, Xiphasiidae, Congrogadidae, etc. From 
the Trichonotidae the Microdesmidae may be 
differentiated externally by the presence of 
small, round, somewhat embedded scales. 
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From the blennioid groups the Microdes- 
midae may perhaps most easily be separated 
superficially by the fact that the anterior nos- 
tril lies about on the snout rim (well above 
the snout rim in blennies so far as I can 
determine). 
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Rattus exulans in Western Samoa 


R. R. MARPLEs! 


THE COMMON RAT of Polynesia is Rattus 
exulans (Peale). It appears to be closely re- 
lated to, and probably derived from Rattus 
concolor of the Malay region. The concolor 
group, and its derivatives, occur all over the 
Pacific, being represented in the Oceanic is- 
lands by R. exulans, R. micronesiensis and R. 
hawatiensis. Other species have been erected 
for the Polynesian forms, but it may be sim- 
pler to regard these as synonymical with R. 
exulans at least until larger series have been 
collected. Tate (1935) lists as synonyms of 
R. exulans (Peale): 

Mus exulans Peal 1848: Tahiti 

Mas vitiensis Peale 1848: Fiji 

Mus maorium Hutton (1878) 1879: New 
Zealand 

Mas jessook Jentink 1879: New Hebrides 

Mus huegli Thomas 1880: Fiji. 

Rattus hawaitensis Stone (1917) has been 
erected mainly on colour differences, but the 
individuals appear to be of a smaller general 
size though with larger skulls than the Sa- 
moan specimens. This form may not require 
specific rank, but is widely sccepted as differ- 
ing from R. exulans. R. micronesiensis Tokuda 
(1933) is also a different form. 

Most of the work on R. exu/anshas been done 
on preserved specimens and, though a large 
number of individuals have been examined, 
these form only very short series from any one 
locality. An attempt was made, therefore, 


‘ Department of Zoology, University of Otago, 
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while on a trip to Western Samoa, to collect 
as large a series as possible from one group 
of islands, to measure these rats in order to 
derive some statistics of the populations for 
later comparison with similar or larger series 
from elsewhere, especially with the New Zea- 
land native rat, and to examine them for 
parasites. Also it was thought that colour 
variations would be more easily observed in 
fresh specimens. 

Western Samoa is volcanic in origin and 
consists of two large islands, Savai'i and 
Upolu, with two small islets, Apolima and 
Manono, lying between the larger two, the 
whole group forming a line running roughly 
east and west. The capital of the territory is 
Apia on the northern shore of Upolu. Upolu 
was originally covered with tropical rain- 
forest but now a wide belt of coconut, cocao, 
and banana plantations lies round the coast. 
Rats were collected on Upolu from Afiamalu 
on the edge of the rainforest, from plantations 
near Apia and on the prison farm at Tafagiata. 
The major part of the collecting was done on 
Manono which is covered with coconut 
plantations except for a small forest area on 
the northern face. This island is about 1 mile 
in diameter and rises to about 200 feet. It is 
within the reef bounding Upolu but some 3 
miles offshore. 


METHODS 


The method of collecting was by trapping. 
The traps used were commercial breakback 
rat traps previously soaked in wax to prevent 
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warping, fitted with a small stop allowing the 
trap to close only partially. Up to 35 traps 
were set at a time at 5 pace intervals shortly 
before dark. The trap line was brought in in 
the early morning and any specimens were 
placed in small cotton bags which were 
tightly tied so that ectoparasites could not 
escape. 

In the examination both the rats and the 
insides of the bags were searched for ecto- 
parasites and then external measurements 
were taken before the rats were skinned and 
sexed. Any skulls which were not too badly 
damaged were cleaned and preserved. The 
stomach and intestine was preserved in fcr- 
malin for later examination for food and 
parasites. 


The external measurements taken were: 

Total length—measured between tip of nose 
and tip of tail excluding hairs when the 
rat was lying on its back along the ruler. 

Tail—measured to tip when body was hang- 
ing at rt. angles to the ruler. 

Ear—measured from top of skull to tip. 

Foot c.u.—longest measurement from heel to 
claw. 

Foot s.u.— longest measurement from heel to 
end of flesh. 

Weight—measured in grams on a 250 gm. 
spring balance. 


Skull measurements were taken with vernier 
callipers except for measurements of the au- 
ditory bulla which were taken with an or- 
dinary ruler on a projected image of the skull. 

Skull measurements taken were: 

Total length—measured between parallels when 
skull was on a flat surface. 

Condylo-basal 1.—from rear of occipital con- 
dyle to front edge of incisor base. 

Zygomatic breadth—across the greatest width, 
perpendicular to the long axis of the skull. 


Interorbital breadth—across parallels giving 
least measurement. 

Nasal—from back of suture to end of curved 
end. 
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Diastema—from tooth base to toot! 
least measurement. 

Br. of rostram—over incisor roots, per 
cular to long axis of skull. 

Br. of braincase—behind zygomatic arch 

Depth of braincase—parallels giving least meas- 
urement. 

Mandible—from articulation to end of bone 
on the inside. 

Maxillary toothrow—from toothbase to tooth- 
base. 

Mandibular toothrow—from toothbase to 
toothbase. 

The series of measurements was divided by 

locality— Manono and Upolu. The figures for 

each, and for the total series,. were averaged 

and the standard deviations calculated. The 

Students t test was applied to the two series. 


base; 


pendi- 


RESULTS 

Food 

Turbet (1925) states that R. exulans eats 
“growing coconut, pineapple 
food, copra, drapery.” 

Stokes (1917) mentions that R. hawatiensis 
in captivity will eat snails and living arthro- 
pods. Thus it appears that exu/ans type rats 
will eat both animal and vegetable foods. On 
Manono, signs of rats eating small fallen 
coconuts and large broken coconuts were 
widespread. At one spot a large pile of snail 
shells was discovered, each damaged and 
chewed. They were possibly eaten by rats. 
Unfortunately none was collected or closely 
examined. One instance was seen of an exulans 
eating at a pineapple during the day, and the 
pineapple proved to have been almost com- 
pletely hollowed out by rats. 


all stored 


The stomach contents of the rats caught 
were examined for parasites and for recognis- 
able food debris. Of 29 examined 21 had 
some form of chitinous arthropod remains in 
them being identifiable in some instances as: 
ant (5); beetle (2); dipteran (2); spider (2); 
caterpillar (3), and centipede (1). Also, 
white vegetable debris was found in some. 
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Habitat 


Rattus exulans is commonest in the thick 
undergrowth of soft plants standing about 
2 feet high which grows in profusion in the 
coconut and banana plantations. The rats ap- 
pear to be more common near to human 
settlements, but do not seem to be as de- 
pendent on man as the introduced R. rattus 
and R. norvegicus. These latter were rare on 
Manono, but both did exist, one R. rattus 
being caught and one R. norvegicus being seen. 
No evidence was seen of exulans climbing the 
coconut palms, but many small nuts lay 
around the trees and it has been suggested 
that rats are the cause of this fall of small 
nuts. However, we were told that in the Toke- 
lau Islands, the rats do live in trees descending 
to forage. 

Some rat holes were found but the main 
place of shelter seemed to be in piles of stones 
or walls. 

Trapping carried out along the edge of the 
rainforest at Afiamalu produced only two rats 
which appeared to be exu/ans but were black 
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in colour. Thus it seems that fewer rats in- 
habit the true rainforest at the higher cooler 
levels. 


Pellage 


The colour and texture of the fur of con- 
color type rats has been used in separating 
the different races. Rats collected in Samoa 
from the different areas were not identical in 
colouration but it is difficult to evaluate the 
worth of the variations. 


Rattus exulans is generally: brown above, 
darker in the mid-dorsal line, and becoming 
paler down the sides. There is a fairly definite 
line of change to the yellowish-grey of the 
ventral surface. A tendency was noted for a 
yellower patch to occur at the front of the 
chest and for a yellow mid-ventral line to run 
backwards from this patch, fading into the 
basal colour. This line and patch were more 
obvious in the Manono series but were not 
confined to these rats. 

The brown colour of the back runs on to 
the hand while the sides of the arm are paler 


TABLE 1. 


NUMBER 
MEAS'D 


MEASUREMENT| LOCALITY 


AVERAGE 


Length é 42 259.3 
12 270.5 
30 254.8 
42 136.4 
12 | 140.8 
134.3 

15.4 

15.6 

15.4 

26.4 

27.4 

26.1 

24.8 








| Manono 
Samoa 
Upolu 
Manono 
Samoa 
Upolu 
Manono 
Samoa 
Upolu 25.7 
Manono 3 24.5 
Samoa é 51 
Upolu 56 
Manono 49 


weet €. @..0% 


Foot s. u.....| 


Weight. ..... 


SKIN MEASUREMENTS OF Rattus exulans 


t 
PREDICTED P 
FOR .01P 


| SIGNIFICANCE 


3.225 2.750 <.01 Significant 


Probably 
| significant 


None 


Significant 


owe eee 1 Ow 


CONF Re WHEN 


4.676 Significant 





None 
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almost to the elbow in all specimens. On 
the foot darker colouring is visible along the 
outer edge. These characters are semi-diag- 
nostic and, when combined with other char- 
acters, can be used to separate an exulans type 
rat from a young R. rattus or R. norvegicus. 

The fur on the back and sides contains 
many spines but in the ventral fur there are 
fewer thinner spines. 

Two black specimens were caught on the 
edge of the rainforest. As far as is known 
these are the first records of a black R. exulans, 
at least from Samoa. However, the measure- 
ments are not included. 


Skin Measurements 


Table 1 gives a summary of the measure- 
ments taken. Forty-four adults were exam- 
ined in all, but through damage either in 
trapping or previously, certain individuals 
were excluded from some of the measure- 
ments. 

It may be seen in the table that the figures 
for “length” and “foot” differ between Ma- 
nono and Upolu with a probability in each 
case of less than 0.01 that this is a chance 
variation. The figures for length of tail have 
P<0.05 which is usually taken as the ‘‘prob- 
ably significant” level of a statistical difference. 

Thus there is a statistically significant differ- 
ence between the populations on Upolu and 
Manono on the external measurements alone. 


Skull Measurements 


A summary of the skull measurements is 
given in Table 2. Because of the severe 
breakages caused by trapping with breakback 
traps only 31 skulls were worth preserving. 
Of these several were broken in some way and 
so the number of individuals measured for 
each dimension varies considerably. The 
braincase was the most damaged but loss of 
the auditory bullae was very common partly 
due to their falling out as the skull dried. 

Five of the measurements: condylobasal 
length, zygomatic breadth, breadth of brain- 
case, length of mandible, and length of bulla 
show a similar difference to the external meas- 
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urements between the populations of Upolu 
and Manono each having a chance probabil. 


ity P<0.01. Four measurements differ with 


P<0.05 thus supporting the belief in a true 
difference. In all nine cases the rats of Manono 
give the smaller figure. 


Parasites 


Twenty-eight of the rats examined were 
infested with mites and three had lice in the 
fur. It is interesting that no fleas were found 
living on the Polynesian rat. 


Gut parasites were almost universal; 75 per 
cent of the rats examined had nematodes 
living in the caecum and of these 15 or 38 
per cent are listed as heavy infestations. Nem- 
atodes were also found commonly in the 
rectum and a few in the intestine. In the 
intestine cestodes occurred in over 50 per 
cent of the rats and in one two acantho- 
cephalans were found. One cestode was found 
in the caecum. None of these parasites has 
as yet been identified further. 


DISCUSSION 


Though the series of measurements is not 
as long as might be desired, it has a value 
because of the limited areas from which the 
specimens were taken. The two areas are 
within one archipelago and were perhaps 
colonised by the rats at more or less the same 
time. Thus it is especially interesting that the 
results indicate differing populations in the 
two areas. The difference must be tentatively 
accepted for the combination of the statistical 
differences with the visual difference in pellage 
is more than suggestive, though whether it is 
phenotypic or genotypic is arguable. 

Taking the measurements as a whole, it is 
possible to make comparisons with other pub- 
lished data. Tate (1935) divides the R. exulans 
types into six groups on general size and 
especially on the bulla and toothrow measure- 
ments. He gives Samoa a separate group but 
he only had a few specimens from Eastern 
Samoa for the basis of his conclusion. The 
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TABLE 2. 


SKULL MEASUREMENTS OF Rattus exulans 








— AVERAGE PRE ais 
MEAS'D . P oscTeD 


MEASUREMENT, LOCALITY 





Greatest | Samoa 
length | Upolu 
Manono 
Condylo- | Samoa 
basal | Upolu 
length Manono 
Zygomatic Samoa 
breadth Upolu 
Manono 


Interorbital Samoa 2 5.03 
breadth Upolu 5.05 0.376 
Manono 5.02 


Nasal Samoa 11.56 
Upolu 11.78 0.988 

Manono 11.50 

Diastema Samoa 7 8.34 

Upolu 8.72 

Manono 8.25 

Breadth Samoa 3 5.32 

rostrum Upolu 5.50 

Manono y 3.27 


Breadth Samoa 13.25 
braincase Upolu 13.53 
Manono 13.15 


Depth Samoa 9.28 
braincase Upolu 9.28 0.059 
Manono 3 9.28 


Mandible Samoa : 17.55 
Upolu 18.27 
Manono 17.37 


32 
30 
32 
.03 
13 
.O1 
46 
.48 1.1038 
AS 
Width be- Samoa 12.87 
tween outer Upolu 13.18 
edgesofmeati) Manono 12.70 


Maxillary Samoa 
toothrow Upolu 
Manono 
Mandibular Samoa 
toothrow | Upolu 
Manono 


Ny VWVwVYVVY YVAUwWw 


Width apart Samoa 
bullae Upolu 
Manono 


N N 


Width be- Samoa 10.62 
tween inner Upolu 10.94 
edges of meati| Manono 10.45 


Length Samoa 5.81 
bulla Upolu 6.00 
Manono 5.70 


SIGNIFICANCE 


Probably 


significant 


Significant 


Significant 


None 


Probably 


significant 


None 


| Significant 


None 


Significant 


None 


Probably 


significant 


Probably 


significant 


Significant 
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measurements of his specimens appear to be 
larger than those taken on Upolu and Manono 
but of similar length in maxillary toothrow. 
The Samoan rats seem to lie somewhat on the 
small side of his total series. 


While the rats on Manono appear to be 
smaller than those on Upolu, comparison 
with R. hawaiiensis measurements as given by 
Miller (1924) shows the different proportions 
of the Hawaiian rat which has a larger head 
in proportion to the size of the body. Rattus 
maorium, a synonym for R. exulans, is found 
in New Zealand and forms the southernmost 
example of the group. The type skull (Mar- 
ples, 1954) is rather larger than the Samoan 
forms with a longer toothrow, and slightly 
different proportions. 


R. exulans is distributed rather evenly over 
Polynesia, a fact which indicates distribution 
by man. It was already widespread before the 
coming of Europeans and R. rattus and R. 
norvegicus. Since the time of distribution there 
has probably been very little mixing, for 
ocean-going canoes do not appear to have 
persisted in their extreme form, and thus in 
fairly recent times many isolated populations 
of rats have been established. Variations in 
colour, size and proportions would be ex- 
pected to arise among the constituent popu- 
lations of such an assemblage finally giving 
rise to separable species. However, this has 
not yet occurred in the Pacific rats. The dis- 
covery of differing populations at two close 
areas, as at Manono and Upolu, show how 
complicated the picture may become, making 
general trends difficult to assess. The effect 
may be exaggerated in this case for Manono 
is a small islet lying three miles from the 
Upolu coast and within the reef and therefore 
only small canoes are used for transport. This 
may have had the effect of a wider geograph- 
ical separation as the chance of introduction 
would be less. 
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The taxonomic position of the man) popu- 
lations of exulans type rats remains in doubt. 
Mayr tends to place bird populations across 
the Pacific in the same species. This could 
also be done with R. exu/ans, perhaps leaving 
the Hawaiian and Hebridean rats as sub. 
specific forms. The geographical races occur- 
ring on each island are not sufficiently im. 
portant for separate nomenclature. But it is 
possible that with long series to work from, 
factors useful for comparison of larger groups 
of rats may be found. The present series 
constitutes a starting point for this work. 


SUMMARY 


Specimens of R. exulans were collected in 
Western Samoa, 12 from the island of Upolu 
and 32 from the islet of Manono. Statistics 
of the populations are given and significant 
differences in several characters were found, 
though the islands are separated by only 3 
miles of sea. 
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Alebion echinatus Capart from Japanese Waters, 
with Observations on the Newly Found Male Form’ 


SUEO M. SHIINO? 


JHE HAMMERHEAD SHARK, Sphyrna zygaena 
(Linné), was reported by Wilson (1932) as 
infected by a copepod belonging to the 
Family Euryphoridae, Alebion crassus Wilson, 
at Woods Hole. On the same shark caught 
off Hamazima, Mie Prefecture, Japan, I found 
another species of the same genus, A. echinatus 
Capart, which was recently discovered on S. 
diplana in the gulf of Sénégal (Capart, 1953). 
This species was based on a single female and 
the male was unknown. As the original diag- 
nosis was rather brief and my collection in- 
cluded a male form, a new description has 
been prepared for both the sexes. 


Alebion echinatus Capart, 1953 


Capart, A., 1953. Inst. Frang. d’Afrique noire, 

Bul. 15: 655-656, Fig. 4. 

Two females and a male, found on the 
outside surface of Sphyrna zygaena (Linné) 
(new host), off Hamazima, Mie Prefecture, 
Japan. 

Female (Figs. 1a-j, 2a—g): Thickly covered 
with minute dendritic patterns of dark red, 
the color appearing uniform over whole dorsal 
surface to the naked eye; ventral surface much 
paler. Eye pigment blackish. 11.4 mm. X 
10.4 mm. 

Carapace almost half as long as body, wider 
than long, orbicular, with depressed front 
and well-rounded sides. Central part con- 
siderably raised and rugose on the surface. 
Frontal plates about half the entire width, 
slightly arched and with blunt lateral ends. 
Transverse suture a little undulated and placed 
just behind the center of carapace. Longi- 
tudinal sutures slightly curved laterally both 


‘Contribution No. 23 from the Faculty of Fisheries, 
Prefectural University of Mie. 

* Faculty of Fisheries, Prefectural University of Mie, 
Tsu-City, Japan. Manuscript received July 26, 1954. 


before and behind transverse one. Two 
grooves arising from anterior end of each, 
one narrow, short, extending antero-mesially, 
the other broader, horizontal, connected with 
lateral margin of carapace by a curved, diag- 
onal suture. Another pair of grooves extends 
from the bases of the frontal plates postero- 
mesially and intersects a short transverse one 
at anterior one fourth of cephalic area. Eyes 
at the center of this area. Thoracic area armed 
with short spinules close to its truncate pos- 
terior border on each side. Sinuses deep, 
obovate, with broad membranes along their 
lateral edges. Narrow areas just outside them 
are traversed by longitudinal folds raised 
above the surface and expanded at the caudal 
end into oval lobes which cover the posterior 
openings of the sinuses. Lateral areas relatively 
broad terminating in blunt lobes which pro- 
ject for some little distance beyond thoracic 
area. 

Fourth thoracic segment with a pair of oval 
dorsal plates covering anterior half of suc- 
ceeding segment; the plates separated from 
each other by a deep, narrow, median crevice. 
Width of the segment across the plates */; 
that of carapace, and the length inclusive of 
these % the width. Genital segment large, 
about half as long as carapace on the midline, 
and same time as wide on an anterior level. 
It is convex dorsally, more or less quadrate, 
with antero-lateral angles slightly produced, 
and with posterior border emarginate. It is 
reinforced laterally near the caudal end by 
triangular lamellae and at the caudo-lateral 
angles by long lanceolate diagonal processes. 
Outer and caudal margins of the lamellae, 
inner margins of the processes, anterior por- 
tions of lateral margins and lateral portions of 
caudal margin fringed with a row of sharp 
spines. Caudal margin also with a pair of 
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Fic. 1. Alebion echinatus Capart, female. A, dorsal aspect; B, ventral aspect; C, first antenna, ventral aspect; 
D, tip of same, further enlarged; E, second antenna; F, second maxilla; G, first maxilliped; H, tip of same, further 
enlarged; I, second maxilliped; J, posterior end of body, ventral aspect. 

A X7.1, B X5.9, C, F, G, I X27, D X83, E, H X41,J X9.8. 





Male of Alebion echinatus — SHIINO 


TABLE 1. 
DETAILS OF ARMATURE ON LEGS OF Albion echinatus CAPART 


STERNAL 
PLATE 


BORDER 





PROTOPODITE 


EXOPODITE 





II 





outer 


1H, 1H 
c | 3P, 2p 








f, 1H | 1H 1H 
c, 1P c, 1P c, 6P 
IC 2H, lh 
c, 1P 5P 


1H c, 1H 
c, 1P 


| 





| 
| 
| 


2p, 1h | | 


| 











Abbreviations: c, row of hairs; f, membraneous flange; H, longer spine; h, shorter spine; H, modified spine peculiar to 


the genus; P, longer plumose spine; p, shorter plumose spine. 


Roman numerals indicate the numerical orders of the legs or of 


the joints and Arabic the number of spines or other armature present on each. 


stouter spines, one on each side of midline. 
A pair of horn-like spermatophores are at- 
tached on the ventral surface close to pos- 
terior end, with their apices directing forwards 
and diverging. Abdomen two-segmented, 
small, not surpassing the middle of diagonal 
processes of the preceding segment. First seg- 
ment is narrowly inserted into median sinus 
of preceding segment then widens posteriorly, 
bearing a pair of small oboval, dorsal plates, 
which are parallel and separated from each 
other by a deep, wide, median sinus. Ventral 
surface has inconspicuous, symmetrically ar- 
ranged tubercles. Second segment is cordi- 
form and covered from above by dorsal plates 
of the first, beyond which it does not extend. 

First antennae with apical joint short, ter- 
minating in a swollen, spinulate knob; basal 
joint obovate and fringed on anterior border 
by short, conical, thickly ciliated spines as 
well as by a few setae. Claw of 2nd antennae 
tapering towards curved blunt apex and with- 
out accessory spinule, middle joint conical, 
and basal one short, broad, with an oval boss 
on the outside. Mouth tube elongate conical. 
First maxillae replaced by small, insignificant 
oval bosses. Second maxillae triangular, placed 
outside the base of mouth tube. Apical joint 


of 1st maxillipeds traversed near the tip by a 
diagonal row of spinules and terminating in 
two unequal flagella, both edged with fine 
pectination. Second maxillipeds have nearly 
fusiform palm and powerful finger ending in 
bifurcate tip and carrying a short plumose 
spinule on inner border. Sternal furca absent. 
First three pairs of legs biramous, with both 
rami two-jointed in first pair, three-jointed in 
other two. Endopodite of first legs half as 
long as exopodite, first joint of both rami 
proportionally much longer than second. Two 
apical joints of exopodite of second legs 
short. Distal joint of endopodite of second 
legs narrow. Exopodite of third legs shorter 
and narrower than endopodite, apical joint 
of latter much reduced. Fourth legs are minute 
papilliform stumps without any distinct arti- 
culation. Arrangement of spines and other 
armature of legs is given in Table 1. 
Exopodites of first three legs armed with 
falciform spines, peculiar to the genus, their 
distribution on the legs is shown in Table 1. 
Two spinules on inner margin of apical exo- 
podite joint of first legs edged with a few 
cirri only. Basal apron combining third legs 
has two triangular, raised areas on posterior 
face on each side, outer one of these with a 
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FiG. 2. Alebion echinatus Capart, female and male. A-G, female; A, first leg; B, tip of same, further enlarged; 
C, second leg; D, third leg, posterior face; E, fourth leg; F, posterior part of body; G, caudal ramus; H-L, male; 
H, first antenna, ventral aspect; I, second antenna, posterior face; J, same, anterior aspect; K, tip of same, further 
enlarged; L, second maxilliped. 

A, L X27, B, H, K X83, D X18.6, E X120, F X10, G X34, I, J X47. 





Male of Alebion echinatus — SHIINO 


Fic. 3. Alebion echinatus Capart, male. A, dorsal aspect; B, free segments of body, dorsal aspect; C, same, 
ventral aspect; D, second leg; E, same, tip of exopodite, further enlarged; F, third leg, posterior face; G, same, 
anterior face; H, fourth leg. 

A X10, B, C X14, D X41, E X83, F, G X34, H X170. 
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row of five spines; much feebler spinules are 
scattered on anterior face chiefly along mar- 
gin. Plumose spines on the apron biarticulate, 
their distal article hairy al] around its circum- 
ference. Caudal rami subterminal, obovate, 
with notched end where they bear three sim- 
ple and one plumose spines, all short. 

Male (Allotype, Figs. 24-/, 3): Paler than 
female, 9.2 X 5.5 mm. 

Carapace resembling that of female in out- 
line, frontal plates relatively wider, attaining 
3/5 the entire width, and spinules on thoracic 
area smaller in number. Fourth thoracic seg- 
ment 2/7 as wide as carapace, 2/5 as long as 
its own width, trapezoidal, with dorsal plates 
reduced into small, triangular lateral lobes 
ending in sharp spinule; posterior margin 
slightly convex on the median. Genital seg- 
ment oblong, twice as long as wide and half 
as long as carapace. It carries a number of 
spines regularly arranged over dorsal face and 
those crowded along anterior parts of lateral 
borders on ventral face. Abdomen short and 
narrow, two-segmented, about 2/5 as long 
as preceding segment. First segment quadri- 
lateral, with a pair of spines on dorsal side; 
second segment as long as the first, but 
widening backwards and with a round median 
boss at the end. 

Spines on basal joint of first antennae thin- 
ner, more numerous, and covering somewhat 
wider marginal area than in female. Consecu- 
tive joints of second antennae peculiar in 
structure and articulating one with another 
at right angles. First joint has at outer distal 
angle a low triangular bulge with file-like 
surface, and articulates with second joint by 
inner distal angle. Second joint is cylindrical, 
and carries a sharp, proximally projecting 
spine at inner distal angle on posterior side 
and two round bosses with filed surface on 
terminal border, one on anterior and posterior 
sides respectively. Third joint is attenuating 
towards the curved tip, and furnished on 
inner border about the middle with a short 
conical process and along outer border with 
three low bosses, basa] one of these being 
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tipped by a sharp spine and succeeding one 
bearing, in addition to it, a series of narrow 
folds resembling petals of a flower. Second 
maxillipeds somewhat feebler than in female, 
but similar in structure. 

Exopodite of second legs complicated in 
structure: First joint shorter than correspond- 
ing one of female. Second joint bears at its 
outer distal angle a long, cylindrical process 
which extends alongside with outer margin 
of elongate third joint as far as to its tip. The 
process is thickly covered over its posterior 
face by minute papillae, and carries on the 
outside close to the base a short finger-like 
process and on the inside a long whip-like 
appendix, which reaches the tip of the process 
and ends in a small ciliated knob. Third joint 
is elongate, but narrower than others, and its 
outer border is grooved to receive the named 
appendix of second joint. Outer, triangular 
ridges on basal apron of third legs provided 
with no more than two spines. Fourth legs 
tipped by simple and plumose spine. Caudal 
rami damaged. In other characters as in female. 

Preserved in Mie Prefectural University. 

REMARKS. A. echinatus, found originally on 
Sphyrna diplana, is a parasite of S. zygaena in 
the present case. As already pointed out by 
Capart, the female of this parasite closely 
resembles that of A. crassus Wilson which 
infests the latter host. It is noteworthy that 
the two parasites on the same host are more 
nearly allied to each other than they are to 
any other species of the genus. They are also 
close to each other in the characters of the 
male. The fourth segment of the male ech- 
natus, however, is not constricted in front to 
form a short neck as in crassus. 
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A Theoretical Study on the General Circulation 
of the Pacific Ocean! 


Kon HipaKka? 


INTRODUCTION 


THE FOLLOWING DISCUSSION is one of the results of the research for determining the vertical 
structure of the wind-driven circulation in an enclosed basin comparable in size to the 
Pacific Ocean. 

The first attempt to verify the effect of prevailing winds in maintaining the oceanic 
circulation was undertaken by Sverdrup (1947). According to his result, the oceanic cur- 
rents in the eastern part of the Equatorial Pacific are largely fed by the energy of the 
winds blowing over the surface of the ocean. Reid (1948) confirmed this conclusion. At 
nearly the same time, Stommel (1948) could explain the intensification of the wind- 
driven currents along the west coast of an ocean by assuming the existence of horizontal 
friction and the meridional variation of Coriolis force. Altogether, these investigations 
have enabled us to ascribe the major part of the oceanic circulation to the result of the 
superincumbent wind system prevailing over the oceans. 

Munk (1950) published a very important paper on the wind-driven circulation of the 
oceans. The next year Munk and Carrier (1951) treated the circulation of the North 
Pacific, regarding this ocean as a triangular basin. They could explain the pattern of the 
actual ocean circulation very well, so that there seems to be little left to discuss on this 
subject, as far as the major characteristics of the general circulation in the Pacific Ocean 
are concerned. 

Hidaka (1951) solved the problem of the general circulation which would be produced 
by both zonal and anticyclonic wind systems. In this computation, spherical co-ordinates 
were used, thus taking the effect of the sphericity of the earth into account. But both 
assumptions of the wind distribution gave no essential difference in the results except for 
the magnitude of mass transport. Moreover, the result for zonal distribution gave no 
sensible difference in the pattern of the circulation compared with Munk’s which was 
derived by using a rectangular co-ordinate system, except in the magnitude of the mass 
transport. These facts show us that we have only to treat the circulation driven by a 
zonal wind system. 

An earlier paper (Hidaka, 1950) contained a theory of ocean circulation using the cur- 
rent velocity in place of the mass transport. The analysis was complex because the vertical 
variation of the movement of water had to be taken into account. The result was, none- 
theless, quite ridiculous; no perceptible concentration of the streamlines toward the west 
coast could be found. The explanation for this result was that the approximation to the 
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Fic. 1. A rectangular ocean comparable in size to the Pacific Ocean. 


mass transport was inadequate for its east-west variation. Thus, the solution smoothed 
out the western currents and boundary vortices which were apparent in Munk’s paper. 

The mass transport method which has been adopted by Defant (1941), Stockmann 
(1945-46), Sverdrup (1947), Reid (1948), Munk (1950, 1951), and recently by Hansen 
(1952) is surely eminent, especially in that it enables us to reduce the analysis to two 
dimensions and makes the mathematical procedure very simple. Moreover, it is not 
necessary for us to consider the vertical variation of density and vertical coefficient of 
eddy viscosity. These authors have indeed contributed greatly to the solution of many 
important problems of oceanic circulation by this method. The author himself also em- 
ployed this method several times in discussing the problems in this direction. However, 
it is impossible for this method to show how the wind-driven circulation varies in a vertical 
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direction. Neumann also expressed recently (1952) his opinion as to the necessity of a 
dynamic treatment of ocean currents as a three-dimensional problem. 

\ll these circumstances lead one to recompute the general circulation of the Pacific 
Ocean under these modified conditions and assumptions. The present investigation is one 
of the results of the author's efforts in this direction. We here treat the genéral circulation 
of the water in a square ocean comparable in size to the entire Pacific Ocean basin. 
Spherical co-ordinates, which were used in a preceding paper (Hidaka, 1951), are not 
used here, partly in order to avoid mathematical difficulties but mostly because the two 
systems of co-ordinates did not give any important difference between Munk’'s and the 
author’s results except for the magnitude of mass transport. The value of the lateral 
mixing coefficient is taken as 3.08 X 10’ c.g.s., a value consistent with the research of 
former investigators. The wind system is considered zonal, because this assumption is 
far simpler for the subsequent analysis, and also because no essential difference has been 
found between the results obtained under the assumptions of zonal and anticyclonic wind 
distributions. Of course, the variation of the Coriolis parameter with latitude is taken 
into account. The use of current velocity in place of mass transport makes the mathe- 
matical analysis many times more complicated because the problem is now three dimen- 
sional. But the result will be of importance because it should give an idea of the vertical 
structure of the wind-driven circulation of the oceans. 


THEORY 


The dynamic equations of the stationary ocean currents, taking both vertical and 
horizontal mixing into account and neglecting the nonlinear terms, are 
au, a ( au ap 


ay? az Ay -) + 2w sin gpv — ax 0, 


A; 


2. vi 

A, a ~ S (4. #) — 2w sin dpu — Hs = 0 

where u and v are components of the current velocity in x (eastward positive) and y 
(northward positive) directions, p is the pressure, p the density, A; and A, the horizontal 
and vertical coefficients of eddy viscosity of the water, w the angular velocity of the earth, 
and @ the geographical latitude. The axis of z is taken positive downward, the origin 
being placed on the undisturbed sea level. 


The boundary conditions to be satisfied on the surface (g = 0) and at the bottom 
(s = h) are 
z=0: —-A, sn T(x, y); —A,z 2 wn T(x, Y) (2 
Oz , Oz ' 
and 
z=h:u =v = 0. (3) 


Here both coefficients of eddy viscosity are supposed to be constants. The conditions to 
be satisfied along the coasts are also necessary. These are simply that there is no water 
flow across and along these coasts. If the coasts consist of vertical cliffs, we have 
u=vy=Q0 (4) 
at the shore lines. 
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In addition to the dynamic equations (1), the equation of continuity should be included. 
If we neglect the vertical component of velocity, it is 


Ou Ov _ ) 
ax T ay ~* 5) 

Equation (5) assumes that there is neither vertical current nor vertical gradient of the 
vertical velocity. Thus, our theory cannot be applied to the coastal and other regions of 
upwelling and sinking caused by local monsoons or other temporary winds. But, if we 
confine ourselves to the gross features of the horizontal circulation in great oceans, induced 
by the superincumbent, quasi-permanent wind system (westerlies or trades), the equation 
of continuity as given by (5) will not cause serious errors in the results. 

There may be some further question concerning the use of (5) for the continuity equa- 
tion. But, in treating the oceanographic data for estimating geostrophic currents, we 
always assume 
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provided the frictional terms are neglected. These expressions imply that geostrophic 
currents usually satisfy equation (5) which shows the absence of horizontal divergence. 
one - OU ov . e . . 
rhis means that the equation — + = () may be used without serious errors in treat- 
x oy 
ing the general circulation of the oceans. 
On eliminating p between the two equations of (1) by cross-differentiation, we have 
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when we take the equation of continuity (5) into account and because r (sin @) = 0. 
x 
This equation may also be regarded as expressing the condition that a function p (pressure) 
should exist on a level z as an exact differential with respect to x and y. And the validity 
of equation (6) suggests the possibility of determining the pressure in any level z as a 


function of x and y. 


Now suppose the coefficients of mixing A; and A, are both independent of z, aud put 
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then we have, by substitution from (2), (3), and (8), 
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h 
: au cos (2s — 1) xf dt = 2 r(x, ¥) _ (2s — a u. (x, Y) 
hj, 9° 2h " @ 4h? aia 


and (9) becomes 
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Equation (14) gives a set of functions y, (x, y) such that 
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The quantity D; may be called ‘‘the frictional distance,” whereas D, is the saime as 
Ekman’s “depth of frictional influence’ except that it does not contain sing. 
The coastal conditions which y, should satisfy are 


y, and vs = 0 (20) 


OY, 


is the derivative of y, in the direction normal to the 
on 


along the shore lines, where 
shore lines. 


If equation (19) can be solved and we can determine the functions y; (x, y), pe (x, y), 
V3 (x, y),..., the sum: 
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will give the horizontal streamlines at any level z for the wind stresses 7, (x, y) and 
Tt, (x, y). The stream function y (x, y, z) should, of course, satisfy the condition: 
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along the shore lines and the horizontal streamlines of the currents are given by 
y (x, y, 2) = constant. 
Infinitely Deep Ocean 
If y! is the solution of (19) when h = 1, the solution of (19) will be 
11 
¥.(x, y) = , W(x, y). 
Thus we have the solution (21) of our problem in the form: 
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and we may write down (25) in the form: 
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If we consider the depth / of the ocean increases indefinitely, we have 
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and 
y' (x, y) ~ p' (x, y; 9), 
where y; (x, y, 7) is the solution of the equation: 


A, (ze / oh) _a@ (2 ov) — Oo , 1 (2 = ars) =0 (28) 
2wp \dx* dy! 8 \dx? dy? R ox pw \dy Ox 


which is derived from (19) by putting (2s — 1) a = ny andh = 1. The right-hand sides 
1 








Pacific Ocean Circulation — HIDAKA 189 
of equation (24) will be, when the depth / increases indefinitely, 


1 7 Tz 
V(x, y, 2) = 2D Vilx, ¥; 0) cos f- ") dn. (29) 


It may be mentioned that 7 is a parameter increasing from 0 to ©. 


APPLICATION TO THE PACIFIC OCEAN 


In 1950, Munk used the rectangular co-ordinates in discussing the wind-driven oceanic 
circulation in a rectangular ocean. Though he did not take the sphericity of the earth 
into consideration, he could explain the general pattern of the actual circulation of the 
Pacific quite well. Further, his result shows little difference from the one above (Hidaka, 
1951), in which the curvature of the surface of the earth is taken into account and spherical 
co-ordinates are used. 

These results show that the Pacific Ocean can be treated approximately as a rectangular 
ocean, provided we consider that the Coriolis parameter 2w sin ¢ varies with y. This is 


‘ ‘ ‘ y ‘ 
a quite natural consequence when we consider the relation g¢ = R” where R is the mean 


radius of the earth, and y is counted zero on the equator. 
For these reasons, we can represent the Pacific approximately as a square ocean bounded 


in which y = 0 coincides with the equator (Figure 1). 


’ 


a 
by x = 0, x = a, andy = => 


Here a is a mean east-west extent of this ocean and approximately equals 120° of longitude 
or 27/3 in radians. This means that the northern and southern boundaries of this ocean 

-_ , 2rR 
are given by y = + = 


“ 


or the parallels of 60° N and S. 


To solve equation (28), assume 


v(x, ¥; 2) = Maly) N(x; 0), (30) 
where m = 1, 2, 3,...and N,, (x, 7) are functions of x which are to be determined later, 


while M,, (y) are of the forms: 





Ty mry 
Mn(y) = cos == cos == for m: odd 
2a 2a 
(31) 
Ty . mmry 
= COS y sin —— for m: even. 
2a 2a 
Since these functions and their y-derivatives vanish along y = => (30) and its y-deriva- 
. . P a . . 
tives will also vanish along y = =>: This makes the function y (x, y, z) satisfy the con- 
= ° a 
dition (22) along the northern and southern boundaries y = => 


Stresses of Winds over the Pacific Ocean 


Dr. Munk kindly furnished me with his unpublished data of the distribution of the 
wind stresses over the Pacific Ocean north of 5° S. From these data, the most probable 
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TABLE I 
ASSUMED MERIDIONAL VARIATION OF THE WIND STRESS t AND STRESS FUNCTION T 











LATITUDE T T REMARKS || y/a@ LATITUDE T REMARKS 
dynes /cm dyne/cm? | dynes/cm dyne/ cm 





.000 .000 || 0.000 + .201 
.037 X 108 .211 || —0.025 304 
141 X 108 396 || —0.050 441 
301 X 108 528 —0.075 .663 
.493 X 108 589 || —0.100 811 
.694 X 108 573 —0.125 018 
876 X 108 482 —0.150 208 
015 X 108 327 | —0.175 360 
094 X 108 .132 || —0.200 454 
104 X 108 .075 —0.225 476 
044 X 108 .266 —0.250 424 
.926 X 108 416 NE —0.275 303 
— .767 X 108 .507 —0.300 131 
588 X 108 534 Trades —0.325 .927 
411 X 108 502 —0.350 .714 
.253 X 108 431 —0.375 510 
123 X 108 343 || —0.400 331 
024 X 108 .264 —0.425 .187 
.053 108 : Doldrum — 0.450 .083 
122 X 108 
201 X 108 


10° .272 
10° 360 SE 
108 463 
108 554 Trades 
10° .606 
10° 595 
10° 514 
108 369 
10° .174 
10° +.045 
10° +.259 
10° +.438 
10° +.564 
10° +.626 
10° +.626 
oe +.574 
10° +.484 
10° +.371 
10° +.249 
10° +.124 
10° .000 


FEEFHEEEFEFEHEHEHEA HHT ++44+4 | 
xX XX XXXXX XX XXX XXX XXX 
xx XXxXXXXX XXX XXXXX XXX 


° 
=) 
—) 
| x 


distribution of the wind stresses was found to be zonal and determined as 


tz (6) = + 0.045544 Mi(o) — 0.262308 M3(¢) 

+ 0.022902 M;(¢) + 0.069493 Mi(¢) 

— 0.036900 Mi(o) + 0.011560 Mj(¢) dyne/cm? 
d 
dy M »(¢). 


where ¢ is latitude so that ¢ = y/R and M/ (@) stand for So M,.(¢) = R 
¢ 


If we are to derive (32) from a stress function T (x, y) such that 


OT oT 
~~ Se 2 OO 
7” ax 


33 
ay (33) 


we have a stress function which depends on ¢ or y only, or 


T(¢) = >> T, - Mn (¢) 


m=1 
= {0.29003 Mi() — 1.67122 M.(¢) 
+ 0.14591 M3(¢) + 0.44276 M,(¢) 
— 0.23510 Ms() + 0.07388 M¢(¢) } 
X 10° dynes/cm, 
provided we take R = 6.3712 X 10° cm. 
The values of stress and stress function computed after the formulas (32) and (34) are 
compiled in Table 1 and illustrated in Figure 2. 
From formula (32) we have a much larger wind stress in the west wind belt in the 
South Pacific Ocean than in the North Pacific. It is not because we had wind observations 
available from the former, but is a necessary consequence resulting from determining the 
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formula so as to meet the observational data for the latitudes north of 5° S. As a matter 
of fact, the west wind belt in the South Pacific is said to-have stronger wind than that of 
the North Pacific. So this formula will not give wind stresses in the South Pacific too 
inconsistent with observations. 


WEST WIND DRIFT 


NORTHEAST TRADES 


DOLDRUM 
EQUATOR 


SOUTHEAST TRADES 


WEST WIND DRIFT 


0.5 DYNE/cm2 


Fic. 2. Assumed meridional distribution of wind stress. 
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Elimination of y-Co-ordinate 


The equation to be solved is from (28) 


Di (av av) i (a a) cos ¢ as Zé 
2a? \axt + ay! 8 \ax? + ay? R ox 


where 
i- 
|A l 
D, = : 
F TY om 


Between the equator and 60° N or S, cos ¢ varies from 1 to 
variation, we may take the average value for cos ¢ for this rang 


rT 


1 "’ 343 
08 oo ne 
ax/ af cos ¢d¢ = on 


-3 


cos @ = 


Thus, the third term in (35) now becomes eee cid 














Or, ars) ~~ - 
dy ax) 9) 


(36) 


». Since this is not a large 
e, or 





R ox aR ax’ \9/) 
Substituting (30), (32), (34), and (37) in (35), we have 
dN» 1 dN, 
a EAT FR ees ee 
mo | dN ’ 1 dM,,\ 
-+})— 2° « Malo) + Nal; 0) He 2 { 
8 (37) R dy? R d¢? } (38) 
1 @M, %2 dNn | 
+ Nn(d; 0) - R? . dg: - aR? ° aD? - M,,(¢) 
1 1 aM, 
Pt > Tn + “gr = 9 
where we have 
x 
= Baal 39 
\ = (eR/3)’ (97) 


so that the ocean is supposed to be bounded by the meridians of 0° and 120°, and the 





western and eastern boundaries are given by \ = 0 and \ = 1 respectively. 
Now it is possible to express a and Main terms of M,, (¢), or 
ay 
Mn " 
dy? a ai M (¢) 
and (40) 
UM 





= al » 67M.(¢). 


Substituting (40) in (38) we have 





Pac 


of 
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+ lan? * T6e'*R'' Gh! 8 * 4e*R?“ dy? 2=R° OD 





| Di i N. 9 @Nn we dNe 
yr Malo ) Dj 8 d’ n d 2 d 


1 i Dj 1 i ) 1 1 i { 
— .a a i N + e — Om’ i = 0. 41 
4- a g * R? m 2 2 R4 Bm i p ile r f ( ) 


In order that this relation should be always valid, the coefficients of M,, (@) must vanish. 
Thus, we have 


,Did'Nmn 9 2dNn 93 dNm 


ee mt) 
See aie —igwm N; 
82? dh! 32e?” dx? 4a? dd +Z( 6 amt + 777 Pm Re 
+iSait,=0 (42) 
pw > 
where T; is given by (34). 


It may be anticipated from (39) and (40) that the values of 8}, are larger than that of 
a}, for any corresponding set of values of i and m. But the ratio 


Dj a r A, 
R? pw R? 
is of the order of 10~ for the usual value of A, (= 10%), so that we may neglect the terms 
of 8}, in the coefficients of N; in (42). Then (42) becomes 
Di dN 9 dN 9 y3 so n 
81 . : = oe — a 2 m ~_ m a Om N ; m= ; = . (43) 
8 R° dM 32n?" a? 4x? go "5 oe i 


Determination of the Values of a; 
= ieee 5 . d? M,, 
rhe coefficients of M,,(@) in the expansions of - 5 were evaluated as far as Mio(¢), 
de? 
the higher terms being neglected. 
For the ocean under consideration, we have 


Mi'(¢) = —PtMi() + 8Ma(d) — 6Ms(o) + 4Mi($) — 2Mi(6)}, 

Mi'(¢) = —s1—3My($) + 20Mo(¢) + 18Ms(¢) — 12M2(6) + 6Mo()}, 

Mi'(6) = —PA+5Mi(d) — 15M3(d) + 69M5(d) + 20Mi() — 10M(9)}, (44) 
Mi'(6) = —%l—7Mi(6) + 21M3(o) — 35Ms(o) + 148M2(6) + 14M(o)}, 

Mi'(¢) = —sl+9Mi(¢) — 27Ms(¢) + 45Ms(¢) — 63M2(o) + 257Mi(¢)} 

and 

Mv’ (6) = —34{7Me (6) + 16 My (6) — 12 Me (6) + 8 Ms (¢) — 4 Mw (@) }, 

M"' (@) = —3({ —8 Mz (6) + 43 Ma (o) + 24 Mo (6) — 16 Ms (6) + 8 Mv (9) }, 

M!’ () = —34{ +12 Mo (¢) — 24 Ma (o) + 111 Mo (6) + 24 Ms (6) — 12 Mio (@) }, (45) 
Mi’ (6) = —34 { —16 Mo (#) + 32 Ms ($) — 48 Mo (@) + 211 Ms (6) + 16 Mio (9) }, 

M” (¢) = —34 { 20 Mz (@) — 40 Mg (6) + 60 Me (6) — 80 Ms (¢) + 343 Mio (¢) }. 


Substituting (44) and (45) into equation “- , and evaluating the numerical values of 
their coefficients with R = 6.3712 X 10% cm. = 0.000075 sec and 
A, = 3.08 x 10" C.g.S., (46) 
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we have for odd series 


D(Ni) + 4747600n° & 3%(Ni — 3N3 + 5N; — 7N; + 9Ns) 

— 0.548249 « 10” 
D(N3) + 47476007" X 7%(8Ni + 20N3 — 15N; + 21N; — 27N,) 

— 3.63163 x 10” 
D(Ns) + 4747600n" X 3%(—6N, + 18N; + 69N; — 35N; + 45N,) 

+ 6.35413 x 10” 
D(N;z) + 4747600n° X 7(+4N, — 12N; + 20N; + 148N; — 635) 

+ 2.19300 « 10” 
D(No) + 4747600n X 3(—2N, + 6N; — 10N; + 14N; + 257N,) 

— 1.096499 x 10” = 
where the operator D stands for 


"y d 


d i 
— — 14997110 —. 
De 14997110 Dr 


D = 5, — 1082323n 


For even series, we have 


D(N2) + 47476009? X 34(+7N2 — 8Ny + 12Ne — 16N, 

+ 20Ni) + 5.45179 X 10% = 
D(Ns) + 47476007? X 34(+16N2 + 43N, — 24Ne + 32N5 

— 40Nio) + 3.59829 & 10” 
D(Ne) + 474760072 X 34(—12N2 + 24N, + 111N5 — 48N 

+60Ni) — 14.76753 X 10” = 
D(Ns) + 47476007? X 34(+8N2 — 16Ny + 24Ne + 2115 

— 80Nio) + 7.09512 x 10” 
D(Niw) + 47476009? X 34(—4N2 + 8N, — 12N5 + 16N 

+ 343Nio) — 3.54756 X 10” 


where the operator D is also given by (48). 


To solve the simultaneous differential equations (47) and (48), we employ the method 
of indeterminate multipliers. Let the odd set of equations be of the forms: 


y 
D(N:) + CIN; + E; = 
i=l 


9 
D(N3) + ) CIN; + Es 
i=l 


y 
D(Ns) + 2) C3N: + Es 
i=l 


9 
D(N;) + DL CIN: + E 
i=l 


9 
D(No) + 2 CIN: + Es 
i=l 


where the summation is made with respect to odd numbers. 
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Multiply each of the five equations in (50) by 1, 13, 1s, 17, and 1», respectively, and add 
together; we have then 
DLN, + 1s:N3 + lsNs + 1:Nz + 1No) 
+ (Cth + Cils + Cils + Ci + Cth) 
+ (Csh + Cols + Cols + Clr + Cole) Ns 
+ (Coch + Cols + Cols + Co + Cole) Ns 
+ (Cth + Cils + Cils + Cth + Cirle) N; 
+ (Cth + Cl + Cils + Col + Col) No 
+ (LE, + hE; + bE; + LE; + bE) = 0. 
Now let 
Cth + Cils + Cils + Cih + Cie = hé, 
Cah + Cals + Cals + Cor + Cols = le, 


’ 


Ch + Cilla + Cis + Ch + Ch = he, 


and eliminate 1J;, 13, .. . , lg; we have then 


G-: c G G G 
G G—-ét G G C3 
a G G-t G G 
C} G CG G-t G 
C3 G GG Cj 








This equation has five real roots. Let them be &, &3, &5, £7, and £9 and, corresponding 
to them, equations (52) will give five sets of 1, 13, .. . , 19, or 
i: h, bh, by G, bi; 
&: f, & &, &, &; 
&: h, & &, &, OB; 
&: ht, by & &, os; 
&: h, & &, &, &. 


These five sets of roots and multipliers /’s will give Y, and F», as 
Vn = [Ni + Is'Ns + Uf'Ns + [7'Nz + LN; 
Fes I"E, + LE; + ls Es + 1 E; + k'Es 
(m = 1, 3, 5, 7, 9) 
and the corresponding five equations 
(56) 


for Y1, Y3,..., Yo. They are no longer simultaneous, and are not difficult to solve. The 
same, of course, applies to even sets, too. 
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Practically, the equation corresponding to (53) is 


1i-¢ +8 —6 +4 —2 
—3 20-¢ +18 -—-12 +6 
+5 -15 69-¢ +420 -10 | =0 
—7 +21 —35 148-5 +14 
+9 —27 +45 —63 257-¢ 
or 
210830400 — 84156468¢ + 4625225¢? — 78771 + 495¢4 — && = 0 57) 
where 
¢ = £/(4.38649084 x %) (58) 
and the five roots of (57) are 
1 = 2.9641943, 
¢3 = 26.7072817, 
ts = 74.3718483, (59) 
f7 = 146.456904, 
fy = 244.499771. 
For even series we have, corresponding to (57), (58), and (59), 
7-y +16 —12 +8 —4 
—8 43-y +24 —16 +8 
+12 —24 111-y +24 —12 = 0 
—16 +32 —48 211-y +16 
+20 —40 +60 —80  343-y 
or 
5217079023 — 5931152377 + 16671798y? — 1724587? + 7157! — 7° = 0 (60) 
where 
y = §/(4.38649084 x 34) (61) 
and 
v2 = 12.8567852, 
ys = 51.494636, 
ve = 116.1536052, (62) 


vs = 207.4231320, 


= 327.071842. 


i 
| 


Differential Equations for Y’s and Their Solutions 


From the numerical computations described above, the numerical coefficients of the 


differential equations for Y,,(A; 7) were determined as follows: 


D(Y 
D(Y; 


D(Y; 


+ 568897198n?Y; + 311.4127463 xX 10” 


1) + 115141167? VY; — 0.4037686 X 10” = 0, 
3) + 103741765n°V; — 6.3254121 « 10” = ( 
D(Y5) + 2888900087?Y; — 204.1449265 x 10% = 0, (63) 
7) 
) 


— 


’ 


Il 


0, 


D(Y9) + 949734910n? VY, + 257.7413034 & 10” = 0 
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and 
D(Y2) + 518830427? Y. + 7.4929828 «K 10” = 0, 
D(Y4) + 207804544? Y, — 5.3393918 K 10” = 0, 
D(Y¢) + 468733228n?V., + 258.843806 10% = 0, (64) 
D(Ys) + 837047752n°Ys + 158.8661390 10” = 0, 
D( Yio) + 1319885336n? Vio + 290.043938 XK 10” = 0 
where 
a’ ° ad’ d 
=—— an <= SOR — 
D rN 1082323n Da? 14997110 aD 
and 
Yi, Y3,..., Yo; Yo, Ys,..., Yio stand for the following expressions in terms of N,,: 


Y, = N, + 0.2167031N3 — 0.0302211N; + 0.0100338N; — 0.0045539Ng, 
Y; = N, + 4.6332707N3 + 1.6778105N; — 0.2720794N; + 0.1018516N,4, 
Y; = Ni — 7.3461297N; — 31.5044500N,; — 13.1812666N; + 2.0803739N», (65) 
Y; = N, — 4.2883468N; + 20.4004807N; + 99.0498144N, + 47.0163475 Ng, 
Yy = N, — 3.6583547N3 + 9.7849522N;, — 40.0969663N; — 245.9320935Ny 
and 
Yo = No + 0.3172231N, 0.0501698.N., + 0.0180624N, — 0.0086497 Nip, 
VY, = Neo + 4.1262613N, + 1.5874177N, — 0.2597861.Ns + 0.0995609 No, 
Ye = Ne — 5.4990870N, — 23.8405548N, — 10.3129949N, + 1.6109253.Nio, (66) 
Ys = Ne — 3.0874234N, + 13.8285447N, + 68.6295877Ns + 33.3180647 Ni, 
Yio = Neo — 2.5712654N, + 6.4271377N6 — 25.6939046N, — 160.9722444No. 


If the 10 functions Y;, Ys, ..., Yio can be determined by solving the differential equa- 
tions (63) and (64), it will be possible to compute N,(A; 9), No(A; 9), ..., Nyo(A; 9) from 
the following expressions which are the reversions of the expressions (65) and (66). 

N, = +1.0650221 Y, — 0.05878696 Y; — 0.00491292Y,; 
— 0.001038174Y; — 0.000284101 Yo, 


N3 = —0.2793058Y; + 0.2586992 Y; + 0.01644431Y; 
+ 0.003283144Y; + 0.000879072 Y5, 

Ns = +0.1254434Y, — 0.07711532 VY; — 0.04050495 Y; (67) 
— 0.006251173 Y; — 0.001571970Y4, 

N; = —0.05969848 Y, + 0.03367969 Y; + 0.01083299/; 


+ 0.01265900 Y; + 0.002526788 Yo, 
Ny = +0.02320969 Y, — 0.01264167 Y; — 0.003642393 Y; 

— 0.002365708 Y; — 0.004554906 Y, 

and 

No = +1.1172140 VY. — 0.1028957 Y, — 0.0109283 Y, 

— 0.0026156 Ys; — 0.0007745 Vio, 
Ns = —0.3385977 VY. + 0.3066091 Y, + 0.0247985 Y, 

+ 0.0055792 Ys + 0.0016107 Vio, 
Ne = +0.1613919 VY, — 0.0943220Y, — 0.0548464Y, 

— 0.0096171 Ys 0.0026064 Vio, (68) 
Ns = —0.0792995 Y. + 0.0420747 Y, + 0.0147581 Y, 

+ 0.0184664 Ys, + 0.0040001 Vio, 
Nio = +0.0314504Y. — 0.0160186Y, — 0.0050095 Y, 

— 0.0034369 VY, — 0.0069853 Vip. 
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Substituting the functions Ni(x; ), Ne(x; 7), ..., Nio(x; ) thus obtained in (30), we 
shall obtain the expression for ¥,(x, y; 7). Further substitution in (29) will give the solution 
of the problem as 


1 a z 
¥(x, y, 2) = ID. M,,Ay) f N(x; 7) cos iz ") dn. 69) 


The method of solving equations (63) and (64) and the evaluation of the integral: 


foe] 
f N(x; ) Cos ia. ") dn 
0 z 


will be discussed in the following section. 


Integration of the Differential Equations 


The next step will be to solve the 10 differential equations (63) and (64). Let any one 
of these equations be 
d'Y 2d Y 


Di ~ 1082323n a? 





— 14997110 ~ +bn7VY+c=0 (70) 


where 5 and ¢ are constants assigned to each of these 10 equations. Since a particular 
solution of this equation is 


Fe = am, (71) 


the general integral of (70) will be of the form: 


V(r) = Ac” + Be” + Cc™ + Dc” — e (72) 
where a, 8, y, and 6 are the four roots of the algebraic equation: 
ot — 1082323n?o? — 149971100 + br? = 0 (73) 
and A, B, C, D are constants to be determined according to the conditions: 
Y(0O) = Y(1) = 0; Yi(0) = Yi(1) = 0. (74) 


The equation (73) has four roots a, 8, y, and 6 for any given value of n, and A, B, C, 
and D all depend upon a, 8, y, and 6. 

The parameter 7 varies from 0 to ©, and the values of a, 8, y, 6 all depend upon ». 
When 7 is very large, these four roots are approximately 
= +1040.3075n, 
= —1040.3075n, ( 
= +(b/1082323)!, 
= —(b/1082323)!. 


~I 
wn 


o> WR 


As n decreases, a, 8, y, and 6 also change gradually. For 7 less than a certain value be- 
tween 7 = 0.4 and yn = 0.3, 8 and 6 become complex conjugate. As 7 approaches 0, a, 
8, and 6 approach finite values, while y decreases indefinitely as « n’. Thus we have, 
when 7 — 0, 


a = 2p, 

B= —p+ 4, (76) 
y = br? /8p%, 

§6= —-p— 14 
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where 


p = (14997110)', 
q ¥% p. (77) 


For the intermediate value of 7, these four roots vary continuously except 8 and 6 which 
change from complex conjugates to real as n increases from » = 0.3 to yn = 0.4. 

Of course, there are 10 series of such four roots of 10 equations (70), each varying with 
the parameter 7. 

The constants A, B, C, and D can be, of course, expressed in terms of a, 8, y, and 6. 
Thus the solution Y becomes, when 6 and 6 are complex conjugates of the form 


B=+p+qi;56 = p— qi, (78) 


7 1) e”” cos ga 


ee oe 
- e) e~”” sin D4 ce GF 


and, when a, 8, y, 6 are all real, 


Pid. Y a(A_}) ) 6 a ; ed. 
y-[1+ te a me Been yaw 





= Qa y(A_4) yj B a | Realy al | » 
i—-" Ti"eet" anos eee F** Yo 


where Y, is the particular solution given by (71), of the equation (70). 
When 7 increases, y also increases. If we can neglect e~’, the expression (80) will be 
further simplified, and we have 


Y = tote 


a(A_}) B aa 
— - e — ——e : 
a B— 8° J 
Since Y, is given by (71) as 
c/b) 
Y, = aa 9 ? 
”? 
the solutions of the equations (63) and (64) will tend to zero as n increases indefinitely. 
The values of the roots a, 8, y, and 6 of each of the 10 equations given by (63) and 


(64) were computed numerically and are given in Tables 5—14. 


Computation of the Currents 


In order to calculate the distribution of the currents at various levels, we had first to 
compute Y,(A; 7), Ye(A; 7), ..., Yio(A; 7) according to one of the expressions (79), (80), 
and (81) for 
4 = 0.0000, 0.0025, 0.0050, . . . , 0.0500, 0.0550, 0.0600, . . . , 0.1000, 0.1100, 

0.1200, 0.1300, ... , 0.2000 
and for 
4 = 06, 0.1, @2,...., 18, 28, 38, ..... , 1S. 
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For larger values of 7, we have 


= +1040.3075n, 
— 1040.3075n, 
+ (b/1082323)}, 
= —(b/1082323)! 
very accurately, while Y,() are all very small, so that Y2(A; 9) will be approximately 
given by 
j h_1) e al c/b 
afi 9 (83) 
/ n~ 
where y, and ¢ are independent of 7. It will be more convenient to leave (83) as it stands 
rather than to compute their values against 7. 


These values of the 10 functions Y,,(A; 7) may be, then, converted into the functions 
Nn (A; 7) by virtue of formulas (67) and (68). 


Substitutions of the functions N,(A; 7), No(A; 7), N3(A; n),..., J Nio(A; 7) into equation 
69) give the complete solution as 
§ I 


10 


Hx, 9,9) © ap, M,,(y) « f 


To evaluate the integral 


co 


Nm(A; 7) cos is. ") dn. 


Cc 
f Nal; n) cos (a. n) dn 


we have computed the functions N,,(A; 7) for 

= O85, 0.1,62,..., 18, 28, 38,..., 108 
and the process has to be carried out numerically between 7 = 0 and n = 10.0. For 
larger values of 4, we may use the approximate formula (83). 


Let the values of a function F() for 7 = 0, h, and 2h be Fo, Fi, and F2, respectively. 
Then the interpolation formula in this interval of 9 will be given by 


0 — 2 ro ~ 4 F, - 


Then we have 


zh 2h 
: z —3F, + 4F, — - Fy 
i F(a) cos ( 8 7 -Ff cos G a) 4 4 ———— : 
TS ™ 2F, + F, _ (=) 
r. 7 COS iz .) dy s= ———— _ af” n cos 2D n dn 


0 


or 


TZ 


2h 
f F(n) cos 4 ») dn = (ay = 3b, ok 1) . Fy + (4, om 2c) ° F, os (d a C1) 
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where 


ay -[ cos (5 n) dn 
= ce" (a5 - 2h) 


2D. 
bh = 1 : my Pa 1 
ea, (sp. n) da 


(sp, ; + 2h) sin ( F 2h) + cos (s5- ‘ 2h) — 1 
J) (sp; - 2h) 
for cos (5. n) dn 


1 250, ° 2h) cos 8 (Zp, - 2h) + (sp; ° 2h) _ sin in (55. - + 2h) 





2.) (75, +2) 


For larger values of », we may express F(n) in the form 


Pa — F.2 Fy — 2F)o + Fa 
—— we a — a mo)” 


F(n) = y+ 
where F_,, Fo, and F4, are the values of F(n) for no — h, no, and no + h, respectivelv. 


We have then 


Noth 
f F(n) cos (a5 n) dn = (—b2 + C2) Fa + (a2 — 2€2) Fo + (02 + C2) Fur = (87 


No—h 


where 


The integration was carried out taking h = 0.1 in the intervalO S 7 S 1.0andh = 1 
for the interval 1.0 < » < 10.0. For larger values of n, integration was carried out by 
using formula (82) which is only inversely proportional to 7’. In this case, we have only 


to evaluate the integral: 
1 ) 
— cos d 89) 
f P ”? (sp. ”) -_™ \ 
10. 
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TABLE 2 
COMPUTED VELOCITY* OF THE KUROSHIO AT DIFFERENT DEPTHS z = 0, % D,, Dz, */2 Dz, 2Dz, AND 31 
ALONG THE 33° N PARALLEL, ASSUMING D, = 75 METERS 

















Distance from west boundary (km.) . 25 50 75 100 125 150 175 200 225 250 275 


0 
Surface velocity (cm/sec)....... O 163 217 196 146 94 52 25 12 7 8 ll 
Velocity at z = % D, (cm/sec) 0 150 206 186 135 84 43 17 4 0 1 4 
Velocity at z = D, (cm/sec)... O 138 188 167 120 72 32 7 -5 -8 -6 -3 
Velocity at z = %/. D, (cm/sec) 123 168 149 104 47 21 9 —12 —14 —12 -8g 
Velocity at z = 2 D, (cm/sec).... O 107 147 129 87 44 11 —9 —22 —19 —15 ~1] 
Velocity at z = 3 D, (cm/sec). 0 79 110 94 59 24 —3 —25 —25 —17 —18 











* To get the velocity for values of D, other than 75 m. multiply these velocities by 75/D., where D. is ex- 
pressed in meters. 


The computations were rather tedious and took three computers more than 6 months to 
complete for the surface, 44D., D., $D., 2D., and 3D,. The values of a, 8, y, and 6, which 
are the roots of the quadratic equations (73) with 7 as a parameter and computed for the 
necessary values of 7, are compiled in Tables 5-14. 

The values of the stream-function were computed for the westernmost one-fifth part 
of the entire expanse of the ocean, and the streamlines were drawn for the layers z = 0 
(surface), 44D., D., $D., 2D., and 3D,. The computations were not carried out for the 
deeper levels and for the part to the east of this area, partly because we did not have 
enough time to compute, and partly because the central and eastern part are not as 
interesting. We have only a very slow zonal flow in the central part and very diffuse 
meridional flow close to the eastern coast of the ocean. Indeed, the California and Peru 
Currents are considered to be produced by local winds as proved by Munk (1950). 

The circulation patterns in the area close to the western coast were obtained from these 
computations and illustrated in Figures 3a-r. The discussions for them will be given in 
the following paragraphs. 

Table 2 gives the velocities of the western current in the subtropic gyre corresponding 
to the Kuroshio, or the Japan Current, at the depths z = 0 (surface), 4D., D., 3D., 
2D., and 3D, along the 33° N parallel which is the swiftest part of this mighty current. 
These velocities were computed by the formula: 


_ (2) _ ¥%0 + Ad) — Ho — Ad) 
Xo 


Ox linear distance of 2AX 





’ 


and taking D, = 75 meters. Because the velocity is inversely proportional to the quantity 
D,, we can compute it for any other value of D.. For this we have only to multiply these 
figures by 75/D. where D, is expressed in meters. The maximum surface velocity of 217 
cm/sec agrees with actual observations very closely. 

Table 3 gives the distribution of E-W components along a meridian 24° of longitude 
east of the western boundary, or one fifth of the entire east-west expanse of the Pacific 
Ocean off the western coast. At this distance from the western coast, the coastal effect 
nearly vanishes and the pattern of the circulation consists of approximately zonal flows. 
In this table the value of D, was again assumed to be 75 meters. Discussions concerning 
these results will be made in the following paragraphs. 


Surface Circulation 


The numerical result for the horizontal circulation has been worked out for several 
levels specified by the ratio z/D,. We show here those of the surface (z = 0), 2/D, = 0.5, 
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3/D. = 1, 2/D, = 1.5, 2/D, = 2, and z/D, = 3. The most important of them is, of 
course, the surface circulation, and Figure 3a shows its pattern. The gross features of the 
current distribution on the surface thus do not seem to differ much from those given by 
Munk (1950) and by the author (1951) for the distribution of mass transport streamlines. 


TABLE 3 
ZONAL DISTRIBUTION OF E-W COMPONENTS OF OCEAN CURRENTS EXPRESSED IN CM/SEC 





LATITUDE z=0 z=z¥D, z=D, z=%,D, z=2D, z = 3D, REMARKS 





(SURFACE) 
60° N 0 0 0 0 0 0 Arctic 
57° N 0 — 1.2 — 2.1 — 2.7 — 2.9 — 2.8 Current 
54° N + 2.5 + 0.2 — 1.7 — 2.8 — 3.5 — 3.6 
51° N + 8.2 + 5.0 + 2.3 + 0.5 — 0.7 — 1.7 
48° N +15.3 +11.6 + 3.6 + 6.1 + 4.2 + 2.3 West 
45°N +20.4 +16.7 +13.3 +10.7 + 8.7 + 5.9 Wind 
42°N +20.6 +17.4 +14.5 +12.2 +10.3 + 7.3 Drift 
39° N +14.9 +12.8 +10.8 + 9.2 + 7.8 + 3.7 
36° N + 5.0 + 4.3 + 3.6 + 3.0 + 2.6 + 2.0 
33° N — 5.8 — 5.0 — 44 — 38 — 3.3 — 2.3 
30° N —14.1 —12.1 —10.3 — 88 — 7.4 — 5.3 North 
27° N —18.3 —15.4 —12.8 —10.7 — 88 — 6.0 Equatorial 
24°N —18.4 —15.1 —12.2 — 98 — 7.9 — 5.1 Current 
21°N —15.8 —12.5 — 938 — 7.5 — 5.8 — 3.5 
18° N —11.8 — 8.9 — 6.5 — 46 — 3.3 — 1.7 
15° N — 7.3 — 5.0 — 3.2 — 1.9 — 1.1 — 0.4 
12°N — 2.7 — 1.2 0 + 0.7 + 1.0 + 0.8 
9°N + 2.4 + 3.3 + 3.9 + 4.0 + 3.8 + 2.8 Equatorial 
6°N + 7.5 + 7.0 + 9.3 + 7.1 + 6.5 + 48 Counter 
3°N + 7.6 + 8.2 + 8.4 + 8.2 + 7.5 + 5.7 Current 
0° + 5.3 + 6.3 + 7.0 + 7.0 + 6.7 + 3.2 
3°S — 0.7 + 1.6 + 2.5 + 3.2 + 3.5 + 31 
6°S — 69 — 6.4 — 4.1 — 2.5 — 1.5 — 0.5 
9°S —16.4 —12.9 —- 98 — 7.5 — 5.8 — 3.5 South 
12°S —22.9 —16.8 —13.3 — 49 — 8.3 — 5.2 Equatorial 
ss” Ss —21.5 —17.6 —14.1 —11.4 — 9.1 — 5.9 Current 
18° S$ — 18.3 —14.9 —11.9 =— 9.5 — 7.6 — 48 
21°S —12.6 —10.2 — 8.0 — 6.3 5.0 3.0 
24° § — 5.9 — 48 — 3.7 + 3.0 — 2.3 — 1.4 
7s + 1.2 + 0.8 + 0.6 + 0.4 + 0.3 0 
30° S + 8.2 + 6.5 + 5.0 + 3.9 + 3.0 + 1.7 
33°S +14.9 +12.0 + 9.5 + 7.5 + 5.8 + 3.5 West 
36°S +20.0 +16.5 +13.2 +10.6 + 8.4 + 5.3 Wind 
39° § +22.4 +18.4 +14.8 +12.0 + 9.7 + 6.3 Drift 
42° S +20.0 +16.4 +13.1 +12.5 + 8.4 + 5.6 
os +13.7 +10.6 + 7.9 + 6.0 + 4.7 + 3.0 
is° S + 5.0 + 2.8 + 1.0 0 — 0.5 — 0.6 
s1°S — 2.6 — 3.4 — 48 — 5.1 — 49 — 3.8 Antarctic 
54° S — 6.2 — 68 — 7.2 — 8.0 — 64 — 48 Current 
7s — 48 — 5.0 — 5.1 — 49 — 44 — 3.3 
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Because of the considerable labor contained in the calculation, the computation is con- 
fined only to the western part of the ocean bounded by two meridians, \ = 0 and \ = 0.2. 
that is, 24° of longitude apart. Choice of the western part of the ocean for the computation 
was made because the circulation patterns in that section are more complicated and hence 
more interesting. In the central part of the ocean we will have indeed a very slow motion 
approximately in east-west direction, while very diffuse meridional motion will exist close 
to the eastern coast. 

We have a number of gyres in the surface circulation corresponding to those obtained 
in Munk’s (1950) and the author’s (1951) results with respect to mass transport. We have 
a broad gyre with strong western current flowing north in the latitudes between 20° and 
40° N and corresponding to the Kuroshio, or Japan Current. We also notice one boundary 
vortex, but the secondary boundary vortex is not distinct. We have a subtropic gyre with 
the western current flowing south. This corresponds to the Mindanao Current. Of course, 
we have a faint subarctic gyre corresponding to the Oyashio, or the Kurile Current. 

On the surface of the Southern Pacific Ocean, we have western currents flowing north 
a little south of the equator and in the subantarctic latitudes. Between these two we have 
a strong current corresponding to the East Australian Current, though actually this 
current never develops so strongly because of many passages connecting the Southern 
Pacific to the Indian Ocean through the numerous islands and archipelagoes in the 
Australian-Asiatic Mediterranean. Had we not these passages together with the Southern 
Antarctic Circumpolar Ocean, we could have a much stronger western current in the 
South Pacific Ocean than actually observed. 

It looks also rather strange that we do not have any strong westward flow in the 
latitudes between 5° N and 2° S although actually the northern margin of the South 
Equatorial Current is in this zone. This is because the Equatorial Counter Current appears 
in our theoretical result much broader and much more diffuse than actually observed. 
This is also the same in Munk’s and Hidaka’s results. The theory of the Equatorial Counter 
Current has been attacked and explained by several authors (Montgomery and Palmén, 
1940; Neumann, 1947) in some other ways than ours. 


Evaluation of the Coefficient of Vertical Mixing 


The streamlines in Figure 3A are drawn for an interval Ay = 250 X 10"/D, cm?/sec 
of the stream function. The velocity can be determined as the ratio Ay/Ax, where Ax is 
the actual distance between two consecutive streamlines. Because these diagrams are not 
drawn in a common scale for the north-south and east-west directions, it would be 
rather laborious to compute the magnitude of current velocity for all parts of the Pacific. 
Still it will be easy to determine when the streamlines run in exactly north-south or 
east-west directions. 

The values of the stream function at several points along the 33° N parallel are com- 
puted as compiled in Table 4. Assuming the Pacific Ocean is 10,000 kilometers across in 
its east-west direction, we obtained the velocity of the Kuroshio at its swiftest zone, which 
is located approximately 55 km. off the coast, to be 329 cm/sec, 219 cm/sec, 165 cm/sec, 
and 110 cm/sec according as we assume D, = 50 m., 75 m., 100 m., and 150 m., respectively. 

Actual velocity of the Kuroshio has been estimated at approximately 3 to 5 knots, or 
about 150 to 250 cm/sec in its swiftest zone. From Table 4 we recognize that the computed 
velocity of the Kuroshio, assuming for D, a value between 50 m. and 150 m., agrees with 
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TABLE 4 
COMPUTATION OF THEORETICAL SURFACE VELOCITY OF THE KUROSHIO ACROSS THE 33° N PARALLEL 


A= 0 .0025 .0050 .0075 .0100 .0125 .0150 .0175 .0200 .0225 .0250 .0275 
Distance from 
west boundary (km.) 0 50 75 100 125 150 175 200 225 250 275 


612 815 735 546 352 195 95 44 28 3 41 X10" cm?*/sec 


Dz 
Ay / Ax 0 122.4 163.0 157.0 109.2 70. I 8.8 5.6 . 8.2) X 10* cm/sec 


| 


! D, 
245 326 314 218 1 
163 217 207 146 


Computed { For D; = 
Velocity ) For D, 75 m. 


16 
11 


0 1 

0 7 

(cm/sec) }For D, = 100m.| 0 122 163 157 109 6 y 
For D. 150 m.| 0 4 4 


82 109 105 73 5 


the observed values fairly well. The previously determined values for D, fall mostly in 
this range also. This enables us to compute the values of vertical coefficient of mixing from 
formula (18). The above values of D, correspond to the values 188, 422, 750, and 1688 
g/cm/sec of A., respectively. These are, of course, values consistent with the results de- 
rived from many other different sources. (Sverdrup, ef al., 1942.) 


Subsurface Circulation 


Figure 3B, C, D, E, and F show the horizontal distribution of streamlines in the level 144D,, 
D., 14%4D., 2D., and 3D, below the sea surface, respectively. All give patterns similar 
to the sea surface circulation shown in Figure 34. We have western currents and a boundary 
vortex attached to each gyre. The only difference noticed is a general subsidence of the 
motion as we go down into deeper layers. Still, we see that the intensity of motion is only 
reduced to as low as half that of the sea surface even in the layer 3D.. Figure 4 shows the 
comparison of the current velocity profiles along the 33° N parallel at several levels to 
that on the surface of the sea assuming D, = 75 m. The maximum speeds are seen at 
about 55 kilometers off the western boundary. Although the Japanese Islands are not 
disposed parallel to a meridian, the above result agrees with the observed profiles of this 
mighty current quite satisfactorily. Another result of particular interest is that, at a 
distance greater than about 150 km., there isa flow to the south with much greater velocity 
than in upper layers. This counter current reaches a maximum speed of 20 to 30 cm/sec 
at about 200 km. off the western coast, despite the practically motionless upper layers. 
Figure 5 gives the comparison of the zonal distribution of E-W components along a merid- 
ian 24 degrees of longitude to the east off the western boundary. In this longitude it is 
expected that the influence of the western boundary nearly vanishes and the actual flow 
pattern of the Pacific circulation is disposed mostly as a zonal current system. The vel- 
ocities of the current in these diagrams were computed assuming D, = 75 meters. For 
computing the velocities when the value of D. is different, we have only to multiply these 
figures by 75/D., where D, is expressed in meters. If we assume, however, that the value 
D, = 75 m. is consistent, we have for the maximum surface velocities of the North Pacific 
Current, North Equatorial Current, Equatorial Counter Current, South Equatorial Cur- 
rent, and Antarctic Circumpolar Current 22, 19, 8, 23, and 23 cm/sec, respectively. They 
arereduced to 18, 16, 8, 18, and 18 cm/sec, respectively, at a level 44D, and to 11, 9, 8, 
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Fic. 5. Zonal distribution of E-W components of ocean currents at several depths expressed in cm/sec, when 
D, = 75 meters. (To obtain the velocity for other values of D,, multiply these velocities by 75/D., where D, is 
expressed in meters.) 


9, and 10, respectively, at 2D,. The Equatorial Counter Current remains nearly unaltered 
in its speed in all depths compared above. 


Vertical Variation of the Currents 


The most important objective of the present research is to get a certain idea about the 
vertical structure of the wind-driven circulation in the Pacific Ocean. This will be, of 
course, impossible to obtain from former theories which have been mostly propounded 
with respect to the mass transport. 


As the problem is three-dimensional, the numerical computation is rather tedious. For 
this reason the author has not yet been able to finish the computation below the level 
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z = 3D,. Still, we should be able to expect some important conclusions from what has 
been completed thus far. 

First of all it is very interesting that the wind-driven currents exist in a layer much 
deeper than that expected from the classical theory of Ekman (1905). According to Ek- 
man’s theory, a wind-driven current is confined to the surface layer about D, thick, and 
we can expect practically no drift current at a deeper level than 150m. except very close 
to the equator. From our computation, it can be shown that the current velocity does not 
drop as low as half the surface value even at a level 3D.. If we take D, = 75 meters, this 
depth is 225 meters. 

This conclusion will help us understand the fact that wind-driven currents can pene- 
trate into a layer several hundred meters deep, several times as deep as that expected 


TABLE 5 
Four ROOTS OF THE EQUATION: o4 — 1082323n%0? — 149971100 + 11514116n? = 0 (m = 1) 
For DIFFERENT VALUES OF 7. REFER TO EQUATION (73) 








B Y 








261.21657 130.612124 0.0076775 — 130.612124 
200.881495i +200.881495i 
304.26551 152.148109 0.0307072 —152.148109 
161.695419% +161.695419i 
371.21622 185.642643 0.0690668 — 185.642643 
77.168515i 77.168515i 
454.08159 363.12143 0.122667 91.082828 
545.93222 489.85023 0.191279 56.273270 
642.62244 603.98223 0.274436 38.914645 
741.98396 713.66160 0.371324 28.693687 
842.89309 821.22710 0.480691 22.146678 
944.74621 927.63340 0.600783 17.713594 
1047.20274 1033.34356 0.72937 14.58855 
1150.06112 1138.60821 0.86382 12.31673 
1253.19657 1243.57336 1.00136 10.62457 
1356.52895 1348.32950 1.13922 9.33867 
1460.00495 1452.93512 1.27490 8.34473 
1563.5883 1557.4297 1.40631 7.56490 
1667.2526 1661.8399 1.53190 6.94465 
1770.9803 1766.1856 1.65059 6.44526 
1874.7576 1870.4809 1.76177 6.03849 
1978.5740 1974.7356 1.86521 5.70361 
2082.4224 2078.9583 1.96096 5.42509 
2601.9746 2599.7576 2.33637 4.55339 
3121.8104 3120.2708 2.58146 4.12107 
3641.7804 3640.6492 2.74475 3.87598 
4161.8219 4160.9559 2.85725 3.72328 
4681.9050 4681.2207 2.93742 3.62168 
5202.0138 5201.4595 2.99627 3.55053 
5722.1396 5721.6815 3.04065 3.49871 
6242.2768 6241.8919 3.07487 3.45977 
6762.4223 6762.0943 3.10178 3.42975 
7282.5734 7282.2906 3.12332 3.40610 
7802.7290 7802.4827 3.14080 3.38714 
8322.8879 8322.6714 3.15518 3.37170 
8843.0494 8842.8577 3.16716 3.35890 
9363.2128 9363.0417 3.17724 3.34830 
9883.3778 9883.2242 3.18579 3.33937 
10403.544 —10403.405 3.19310 — 3.33166 
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from Ekman’s theory of the limit of the wind-driven currents. This implies that the mo- 
tion of water in most parts of the oceanic troposphere could be produced by the stresses 
of the permanent wind system prevailing over the oceans. In other words, the winds are 
responsible not only for the currents in the skin layer of the ocean, but also for most of 
the circulation in the oceanic troposphere. 

We have long considered that the winds are responsible only for the current motion in 
the surface layer of about 200 meters. This depth is nothing but the “depth of the frictional 
influence’ defined by Ekman. To explain the circulation in deeper parts of the troposphere, 
we had to assume a very strong convection current and slope current. Still we had a dis- 
tinct difference in the circulation patterns between the troposphere and stratosphere. 
These circumstances have made several problems very complicated. Defant (1928) defined 
the troposphere as the part of the ocean in which we can expect strong currents due to 
violent turbulence and convection. Still we can have violént convection in the seas of 
higher latitudes beyond the polar fronts which are no longer defined as troposphere. The 
conclusion that the drift currents penetrate into much deeper layers than D, is much in 
favor of the definition of the troposphere as the upper layer of the ocean in which strong 
currents are present. 

The explanation of the result that we can have a strong motion even in a layer several 
hundred meters deep might seem to be possible by assuming slope currents which would 
be produced as the effect of purely wind-driven water masses piled up against the land 
barriers. As a matter of fact, Ekman’s theory assumes no boundaries and a constant 
latitude. We can prove the existence of slope current in an ocean having boundaries partly 
or completely enclosing it. The slope current is uniform from the surface down to the 
bottom. This fact seems in favor of the theoretical result we have obtained. Still, we must 
give attention to the fact that the velocity of slope current is always inversely proportional 
to the depth of the sea. When the depth is large, as we see in the actual oceans, the slope 
current will not be strong enough to account for those large velocities we have obtained 
at the depth twice or three times as large as D.. 

We do not know an appropriate explanation of the theoretical result that the effect of 
winds can be felt at a depth several times as large as Ekman’s depth of frictional influence. 
It is to be hoped that someone may be able to solve this question satisfactorily in the near 
future. 


SUMMARY 


(1) A theory of the general circulation of water in the Pacific Ocean produced by the 
semipermanent wind system prevailing over this ocean is propounded. 

(2) The velocity is used to express the water motion which has formerly been explained 
by several authors in terms of mass transport. 

(3) The Pacific Ocean is considered to be a rectangular ocean extending from 60° S to 
60° N latitudes and from 0° to 120° longitude, and a zonal distribution of the wind system 
determined from actual observations has been assumed. 

(4) The effects of horizontal turbulence and the meridional variation of the Coriolis 
force have been taken into account. 

(5) The patterns of horizontal circulation are obtained in terms of streamlines for the 
sea surface and several deeper layers specified by the ratio z/D, where z is the geometrical 
depth below the surface and D, the depth of the frictional influence, a measure of vertical 
turbulence. 
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(6) Surface circulation has a pattern similar to that actually observed and does not 
differ much from Munk’s result obtained in terms of mass transport. We have very st ong 
western currents and boundary vortices. 

(7) The magnitude of the Kuroshio and other western currents was computed from the 
distribution of the streamlines in each level. The velocity is inversely proportional to D, 


so that we can determine it by assuming an appropriate value for D,. A value of D. be- 
tween 50 m.and 150 m. gives values most reasonable and consistent with the actual ob- 
servations. 

(8) Subsurface circulations also show similar patterns except for a general decrease in 
motion as we go down into deeper layers. Still, it is remarkable that we have far stronger 
currents than expected from Ekman’s classical theory even at a depth much larger than 
Ekman’s depth of frictional influence at which we can scarcely expect any motion. This 
seems to show us that the winds are responsible for most of the tropospheric motion of 
water. 
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TABLE 6 


Four ROOTS OF THE EQUATION: ot — 1082323n%o? — 14997110e + 51883042n? = 0 (m = 2) 
FoR DIFFERENT VALUES OF 7. REFER TO EQUATION (73) 


B Y 





261.2089 \ 130.6217 - 0.034595 § — 130.6217 
200.8820i { +200.8820i 

304.2429 \ 152.1906 0.138326 § —152.1906 
161.7127% (+161.7127i 

371.1853 \ 185.7480 0.310731 § —185.7480 
77.3462i (+ 77.3462i 
454.0497 363.0414 0.55003 91.55829 
545.9024 489.8041 0.85179 56.95000 
642.5958 603.9481 1.20755 39.85528 
741.9602 713.6338 1.60417 29.93054 
842.8718 821.2038 2.02475 23.69276 
944.7270 927.6127 2.45104 19.56531 
1047.1851 1033.3250 2.86653 16.72663 
1150.0451 1138.5916 3.25872 14.71229 
1253.1819 1243.5582 3.61994 13.24361 
1356.5153 1348.3155 3.94678 12.14657 
1459.9923 4.23898 11.30907 
1563.5762 1557.4175 4.49829 10.65703 
1667.2415 1661.8286 4.72746 10.14036 
1770.9698 1766.1750 4.92960 .72442 
1874.7475 1870.4707 5.10800 .38487 
1978.5647 1974.7263 5.26555 .10440 
2082.4135 2078.9493 5.40496 86915 
2601.9675 2599.7504 5.90334 .12046 
3121.8036 3120.2640 6.19651 7.73611 
3641.7746 3640.6434 6.38114 7.51234 
4161.8168 4160.9508 6.50416 37016 
4681.9004 4681.2161 6.58996 27426 
5202.0097 5201.4554 6.65206 20632 
5722.1359 5721.6778 6.69840 15650 
6242.2734 6241.8885 6.73386 .11876 
6762.4187 6762.0907 6.76160 7.08960 
7282.5705 7282.2877 6.78369 7.06649 
7802.7263 7802.4800 6.80157 7.04787 
8322.8854 8322.6689 6.81623 7.03274 
8843.0470 8842.8553 6.82841 7.02011 
9363.2108 9363.0397 6.83861 7.00973 
9883.376 9883.222 6.84727 7.00089 
10403.542 — 10403.404 6.99330 


UNSER ee ee ee 
wae 


~~ 
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TABLE 7 


Four ROOTS OF THE EQUATION: a4 — 1082323n’e? — 149971100 + 103741765? = 0 (m = 2 
For DIFFERENT VALUES OF 7. REFER TO EQUATION (73) 


7 


B + 


261.19836 \ 130.63377 0.06917 § —130.63377 
200.88184i / +200.88184i 

304.21377 ) 152.24513 0.27648 { —152.24513 
161.73511i )+161.73511k 

371.14543 , 185.88275 0.62007 § —185.88275 
77.57694i (+ 77.57694i 

454.0086 362.9384 1.09300 92.16317 
545.8643 489.7452 1.67853 57.79759 
642.5616 603.9042 2.34715 41.00454 
741.9296 713.5981 3.05872 31.39024 
842.8444 821.1731 3.77053 25.44186 
944.7023 927.5862 4.44709 21.56323 
1047.1631 1033.3018 5.06562 18.92693 
1150.0246 1138.5702 5.61601 17.07041 
1253.1630 1243.5387 6.09746 15.72172 
1356.4978 1348.2976 6.51453 14.71474 
1459.9760 1452.9056 6.87418 13.94458 
1563.5610 1557.4020 7.18401 13.34300 
1667.2272 1661.8141 7.45125 12.86434 
1770.9563 1766.1614 7.68234 12.47727 
1874.7348 1870.4579 7.88287 12.15980 
1978.5526 1974.7141 8.05757 11.89611 
2082.4020 2078.9377 8.21039 11.67465 
2601.9583 2599.7412 8.74444 10.96153 
3121.7968 3120.2572 9.05081 10.59044 
3641.7687 3640.6376 9.24114 10.37229 
4161.8116 4160.9456 9.36693 10.23297 
4681.8958 4681.2115 9.45421 10.13849 
5202.0056 5201.4513 9.51716 10.07142 
5722.1322 5721.6741 9.56401 10.02208 
6242.2700 6241.8851 9.59981 9.98471 
6762.4151 6762.6871 9.62776 9.95572 
7282.5676 7282.2848 9.64999 9.93278 
7802.7236 7802.4773 9.66797 9.91430 
8322.8828 8322.6663 9.68271 9.89921 
8843.0446 8842.8528 9.69494 9.88672 
9363.2083 9363.0372 9.70520 9.87627 
9883.3736 9883.2201 9.71389 9.86743 
10403.5401 — 10403.4015 9.72132 9.85989 
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TABLE 8 


FouR ROOTS OF THE EQUATION: o* — 1082323ne? — 149971100 + 207804544n? = 0 (m = 4) 
For DIFFERENT VALUES OF 7. REFER TO EQUATION (73) 


a B 


261.17780 §—  130.658175 . 0.138550 § —130.658175 
1— 200.886400i ) +200.886400i 
304.15535 §—  152.354359 0.553368 § —152.35435° 
)— 161.784857i ) +161.7848571 
371.06547 J— 186.151299 1.237127 § —186.151299 
78.030786i 1+ 78.030786i 
453.9263 362.7315 2.162989 93.35781 
545.7878 489.6268 3.271038 59.43202 
642.4929 603.8161 4.469333 43.14513 
741.8683 713.5264 5.657710 33.99958 
842.7895 821.1121 6.758457 28.43583 
944.6527 927.5328 7.73047 24.85037 
1047.1177 1033.2539 8.56385 22.42764 
1149.9834 1138.5273 9.26719 20.72327 
1253.1250 1243.4993 9.85663 19.48229 
1356.4627 1348.2616 10.35076 18.55185 
1459.9433 1452.8723 10.76555 17.83659 
1563.5304 1557.3709 11.11539 17.27486 
1667.1985 1661.7851 1.41206 16.82546 
1770.9293 1766.1340 11.66511 16.46041 
1874.7092 1870.4321 1.88225 16.15935 
1978.5283 1974.6896 12.06966 15.90836 
2082.3790 2078.9146 12.23233 15.69674 
2601.9398 2599.7227 12.79226 15.00941 
3121.7831 3120.2435 13.10803 14.64763 
3641.7570 3640.6258 13.30241 14.43361 
4161.8014 4160.9354 13.43018 14.29618 
4681.8867 4681.2024 13.51850 14.20280 
5201.9974 5201.4431 13.58205 14.13631 
5722.1247 5721.6666 13.62926 14.08736 
6242.2632 6241.8783 13.66528 14.05018 
6762.4092 6762.0812 13.69337 14.02137 
7282.5617 7282.2789 13.71571 13.99851 
7802.7181 7802.4718 13.73376 13.98006 
8322.8777 8322.6612 13.74855 13.96505 
8843.0398 8842.8480 13.76081 13.95261 
9363.2031 9363.0320 13.77110 13.94218 
9883.369 9883.215 13.77982 13.93334 
10403.535 — 10403.397 13.78725 13.92583 
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TABLE 9 


Four ROOTS OF THE EQUATION: ot — 1082323n%e2 — 149971100 + 288890008n? = 0 (m = 5) 
For DIFFERENT VALUES OF 7. REFER TO EQUATION (73) 


B Y 





261.16177 130.677185 0.19260 § —130.677185 
200.89077i ( +200.89077% 

304.10979 ( 152.43931 0.76882 § —152.43931 
161.82152i (+161.82152i 

371.00312 \ 186.35885 1.71458 § —186.35885 
78.38164i (+ 78.38164i 

453.8619 362.5695 2.97958 94.27196 
545.7281 489.5344 4.45733 60.65104 
642.4394 603.7475 5.99960 44.69154 
741.8205 713.4706 7.46727 35.81721 
842.7467 821.0646 8.77347 30.45556 
944.6141 927.4913 9.88811 27.01095 
1047.0828 1033.2171 10.81805 24.68375 
1149.9513 1138.4939 11.58649 23.04389 
1253.0955 1243.4691 12.22046 21.84683 
1356.4353 13.48.2335 12.74497 20.94673 
1459.9178 1452.8463 13.18123 20.25277 
1563.5066 1557.3468 13.54645 19.70629 
1667.1763 1661.7625 13.85429 — 19.26805 
1770.9083 1766.1128 14.11561 18.91107 
1874.6893 1870.4120 14.33896 18.61630 
1978.5095 1974.6706 14.53110 18.36997 
2082.3610 2078.8964 14.69740 18.16196 
2601.9254 2599.7082 15.26688 17.48409 
3121.7694 3120.2297 15.58610 17.12578 
3641.7452 3640.6140 15.78195 16.91313 
4161.7911 4160.9251 15.91042 16.77647 
4681.8775 4681.1932 15.99912 16.68342 
5201.9892 5201.4349 16.06288 16.61715 
5722.1172 5721.6591 16.11022 16.56832 
6242.2563 6241.8714 16.14639 16.53126 
6762.4032 6762.0752 16.17447 16.50244 
7282.5558 7282.2730 16.19684 16.47963 
7802.7126 7802.4663 16.21491 16.46125 
8322.8725 8322.6560 16.22972 16.44623 
8843.0349 8842.8431 16.24200 16.43379 
9363.1991 9363.0280 16.25230 16.42337 
9883.3649 9883.2114 16.26102 16.41455 
10403.5319 — 10403.3933 16.26847 16.40704 
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TABLE 10 


FouR ROOTS OF THE EQUATION: o4 — 1082323n%0? — 149971100 + 468733228? = 0 (m = 6) 
For DIFFERENT VALUES OF 7. REFER TO EQUATION (73) 





6 


261.1262 


130.71934 - 0.312479 § —130.71934 
200.8931 1i ( +200.89311i 
304.0087 \ 152.62721 .245716 § —152.62721 
161.90576i ( +161.90576i 

370.8647 \ 186.81402 2.763347 § —186.8140 
79.14854i (+ 79.14854i 

453.7192 362.2092 4.74125 96.2512 
545.5957 489.3292 6.94392 63.21045 
642.3205 603.5949 9.10051 47.82611 
741.7145 713.3466 11.02080 39.38867 
842.6516 820.9590 12.63321 34.32580 
944.5284 927.3991 13.94741 31.07676 
1047.0047 1033.1347 15.00642 28.87640 
1149.8801 1138.4198 15.85925 27.31956 
1253.0299 1243.4015 16.54939 26.17782 
1356.3746 1348.1714 17.11211 25.31536 
1459.8613 1452.7887 17.57493 24.64758 
1563.4537 1557.2930 17.95898 24.11967 
1667.1265 1661.7121 18.28046 23.69487 
1770.8615 1766.0655 18.55182 23.34779 
1874.6451 1870.3674 18.78268 23.06042 
1978.4675 1974.6283 18.98052 22.81973 
2082.3211 2078.8563 19.15124 22.61604 


NN eR Re eR 


3121.7487 3120.2090 20.05542 21.59512 
4161.7756 4160.9061 20.38232 21.25182 
5201.9767 5201.4224 20.53547 21.08974 
6242.2460 6241.8611 20.61914 21.00404 
7282.5470 7282.2642 20.66976 20.95256 
8322.8648 8322.6483 20.70268 20.91919 
9363.1903 9363.0192 20.72530 20.89636 


10403.524 — 10403.385 


20.74146 20.88003 
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TABLE 11 


FouR ROOTS OF THE EQUATION: o* — 1082323n°o? — 149971100 + 568897198n? = 0 (m = 7) 
For DIFFERENT VALUES OF 7. REFER TO EQUATION (73) 


¥ 6 





130.742827 0.379234 5 — 130.742827 

200.895048i ( +200.895048i 

303.95223 152.731495 1.51076 § —152.731495 

161.952815i ( +161.952815i 

370.78742 187.064475 3.34153 \ —187.064475 

79.568989i (+ 79.568989i 
453.6399 362.0079 5.69498 97.32699 
545.5219 489.2147 8.25444 64.56165 
642.2544 603.5100 10.68875 49.43313 
741.6554 713.2775 12.79765 41.17552 
842.5987 — 820.9003 14.52972 36.22808 
944.4807 927.3477 15.91826 33.05123 
1046.9615 1033.0891 17.02391 30.89628 
1149.8404 1138.3785 17.90659 29.36852 
1252.9934 1243.3638 18.61632 28.24590 
1356.3408 1348.1367 19.19224 27.39631 
1459.8298 1452.7565 19.66416 26.73742 
1563.4243 1557.2631 20.05463 26.21579 
1667.0989 1661.6841 20.38074 25.79551 
1770.8354 1766.0391 20.65548 25.45175 
1874.6205 1870.3425 20.88889 25.16686 
1978.4442 1974.6048 21.08865 24.92804 
2082.2991 2078.8341 21.26084 24.72580 
3121.7280 3120.1882 22.17020 23.70996 
4161.7600 4160.8871 22.49794 23.37089 
5201.9642 5201.4099 22.65130 23.20557 
6242.2356 6241.8507 22.73504 23.11995 
7282.5381 7282.2553 22.78569 23.06848 
8322.8570 8322.6405 22.81862 23.03513 
9363.1853 9363.0142 22.84123 23.01230 
10403.5194 — 10403.381 22.85741 22.99598 
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TABLE 12 


Four ROOTS OF THE EQUATION: ot — 1082323n%0? — 149971100 + 837047752n? = 0 (m 
For DIFFERENT VALUES OF 7. REFER TO EQUATION (73) 





a B Y 
261.0534 130.80566 _ 0.557915 § —130.80566 
200.90117i ( +200.90117: 

303.8011 153.00973 2.218353 § —153.00973 
162.07719i ( +162.07719i 

370.5806 , 187.72495 4.869290 § —187.72495 
80.67331i }+ 80.67331i 

453.4263 361.4649 8.16140 —100.12279 
545.3238 488.9073 11.54844 67.96499 
642.0766 603.2818 14.57609 53.37086 
741.4967 713.0920 17.06109 45.46578 
842.4569 820.7429 19.02024 40.73423 
944.3528 927.2101 20.54552 37.68823 
1046.8452 1032.9665 21.73513 35.61386 
1149.7340 1138.2677 22.67082 34.13710 
1252.8955 1243.2629 23.41501 33.04765 
1356.2502 1348.0439 24.01403 32.22033 
1459.7455 1452.6706 24.50170 31.57663 
1563.3455 1557.1831 24.90330 31.06571 
1667.0250 1661.6093 25.23739 30.65313 
1770.7657 1765.9687 25.51799 ~ 30.31500 
1874.5546 1870.2760 25.75573 30.03431 
1978.3818 1974.5419 25.95878 29.79866 
2082.2396 2078.7743 26.13349 29.59884 
3121.6883 3120.1485 27.05156 28.59141 
4161.7302 4160.8641 27.38066 28.24677 
5201.9405 5201.3862 27.53436 28.08865 
6242.2157 6241.8308 27.61821 28.00312 
7282.5211 7282.2383 27.66889 27.95168 
8322.8421 8322.7256 27.70183 27.91835 
9363.1721 9363.0010 27.72445 27.89552 
10403.508 —10403.369 27.74062 27.87919 
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TABLE 13 


FouR ROOTS OF THE EQUATION: o — 1082323n%0? + 149971100 + 949734910n? = 0 (m = 9) 
For DIFFERENT VALUES OF 7. REFER TO QUATION (73) 


7 


a B Y 6 


261.03104 130.832015 0.63299 § —130.832015 
200.90433i ( +200.90433i 
303.73738 153.12612 2.51486 § —153.12612 
162.12972t ( +162.12972i 
370.49311 187.997995 5.50288 } —187.997995 
81.131239i (+ 81.131239% 
453.3364 361.2354 9.16336 —101.26440 
545.2408 488.7781 12.85315 69.31587 
642.0021 603.1861 16.08258 54.89862 
741.4304 713.0144 18.68829 47.10428 
842.3972 820.6766 20.71751 42.43808 
944.2990 927.1522 22.28394 39.43074 
1046.7964 1032.9150 23.49840 37.37981 
1149.6895 1138.2214 24.44960 35.91771 
1252.8544 1243.2205 25.20381 34.83774 
1356.2121 1348.0049 25.80942 34.01666 
1459.7101 1452.6345 26.30171 33.37733 
1563.3124 1557.1495 26.70649 32.86943 
1666.9938 1661.5777 27.04286 32.45900 
1770.7364 1765.9391 27.32511 32.12245 
1874.5270 1870.2482 27.56409 31.84292 
1978.3555 1974.5154 27.76807 31.60815 
2082.2148 2078.7493 27.94349 31.40901 
3121.6527 3120.1128 28.86397 30.40387 
4161.7035 4160.8373 29.19343 30.05963 
5201.9191 5201.3648 29.34720 29.90149 
6242.1979 6241.8130 29.43107 29.81597 
7282.5058 7282.2230 29.48176 29.76456 
8322.8287 8322.6122 29.51470 29.73121 
9363.1602 9362.9891 29.53731 29.70841 
10403.4971 — 10403.3585 29.55349 29.69206 
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TABLE 14 


Four ROOTS OF THE EQUATION: ot — 1082323n?o? — 14991100 + 13198853367? = 0 (m = 10 
For DIFFERENT VALUES OF 7. REFER TO EQUATION (73) 











n a B Y 6 
0.1 260.95769 \- 130.91861 : 0.87953 § — 130.91861 
— 200.91476i ( +200.91476i 
0.2 303.52790 \~ 153.50661 3.48532 § —153.50661 
— 162.30206i } +162.30206i 
0.3 370.20602 )— 188.87838 7.55074 ) —188.87838 
(—  82.58774t (+ 82.587741 
0.4 453.04081 — 360.47585 12.32809 — 104.89305 
0.5 544.96705 — 488.35191 16.87185 — 73.48699 
0.6 641.75651 — 602.87043 20.63391 — 59.51999 Er 
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The Tripteroides caledonica Complex of Mosquitoes in Melanesia 
(Diptera: 


JOHN N. 


INTRODUCTION 


EDWARDS (1922: 100-101) described Tripter- 
vides caledonica (as Rachionotomyia) from one 
male and one female bred from a Nepenthes 
pitcher, Houailou, New Caledonia, July 31 
and Aug. 1, 1914 (Paul D. Montague). No 
larvae, pupae or exuviae were apparently pre- 
served. Until the present study was practically 
completed no additional specimens had been 
collected from Nepenthes but T. ‘‘caledonica”’ 
had been reported by several workers as 
breeding in tree holes, coconut husks and 
shells, artificial containers, and leaf axils of 
various plants in New Caledonia, the Loyalty 
Islands and the New Hebrides. Buxton and 
Hopkins (1927: 76) reported that some of 
their specimens collected in the New Hebrides 
were marked by Edwards as a variety of 
caledonica. Perry (1946: 13) noted a great deal 
of variation in the larval stage of this ‘‘species”’ 
in the New Hebrides, and Knight (1953, in 
lit.) suspected that specimens bred from ba- 
nana axils from these islands represented a 
distinct form. Recently, Dr. E. N. Marks 
noted marked differences in the larval mate- 
tial, presumably of this species, collected by 
Miss E. Cheesman in flower bracts of palms 
in New Caledonia, and in a tree hole in 
Araucaria cookii in the Loyalty Islands, and 
expressed the opinion that the two forms were 
subspecifically distinct (Mattingly, 1952, in 
lit.). 

Since all the species of Tripteroides known 
to breed in Nepenthes are restricted to this 
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specialized habitat (Baisas and Ubaldo-Pa- 
gayon, 1952: 17-22), it appeared that there 
might be a complex of sibling species mis- 
identified under the name of T. caledonica. 
To clarify this situation I undertook to study 
the specimens from the British Museum (Nat. 
Hist.) through the courtesy of Dr. P. F. 
Mattingly, as well as all material identified 
as caledonica in the collections of the U. S. 
National Museum through the courtesy of 
Dr. E. A. Chapin and Dr. Alan Stone. 

After this study was completed, I received 
additional material collected in the New He- 
brides and the Belep group by Dr. and Mrs. 
Marshall Laird under the auspices of the 
Royal New Zealand Air Force and the New 
Zealand Department of Scientific and Indus- 
trial Research. Finally I was fortunate in en- 
listing the co-operation of Mr. L. J. Dumble- 
ton of the South Pacific Commission, Noumea, 
New Caledonia. Mr. Dumbleton obtained 
typical T. caledonica material from Nepenthes 
pitchers. It is gratifying to note that the 
conclusions reached before this material be- 
came available did not need to be modified 
to any extent. 


I wish to express my thanks to the above- 
mentioned individuals and agencies for the 
opportunity to study this most interesting 
complex of mosquitoes. I am also indebted 
to William A. McDonald, Lee R. Brown, and 
Roy Pence, of the Department of Entomol- 
ogy, University of California, Los Angeles, 
for assistance in this study. 

The material examined leaves much to be 
desired, since not a single progeny rearing is 
represented and only a few individual pupal 
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rearings of one species are available. The 
adults of this complex are so similar that they 
would require a time-consuming study which 
could not be made at this time. Nevertheless, 
certain trends can be seen and with more 
adequate and more numerous material diag- 
nostic characters may become more obvious. 
The pupal material is also scanty and con- 
tributed very little to the understanding of 
the complex. Therefore this study is based 
almost entirely on larval characters, and con- 
sequently the new species described herein 
have larvae for holotypes. Much additional 
larval material as well as precise ecological 
information about breeding places is needed 
to understand this complex thoroughly. Since 
all this as well as crossbreeding experiments 
cannot be obtained in the foreseeable future, 
the results of this limited morphological study 
are presented at this time in the hope that 
they may stimulate such studies in this group. 

All the forms discussed are closely related 
and in general quite similar, therefore only 
one of them, T. melanesiensis, is figured in 
detail and the others compared with it. The 
descriptive terminology used is the same as 
in Belkin (1953a) with later corrections in 
larval and pupal chaetotaxy (Belkin, 1953b). 
This terminology does not include the ventral 
(and ventrolateral) and the dorsal (and dorso- 
lateral) hairs of the siphon which are found 
in sabethines, as well as in Culex and some 
Aedes and Culiseta. 1 propose to call these 
groups of hairs la-S and 2a-S respectively 
without a specific nomenclature for each hair, 
since the number of hairs in each group varies 
not only from species to species but in in- 
dividuals of the same species. It appears to 
me that the simplest explanation for the 
origin of these hairs is through duplications 
of hairs 1-S and 2-S. 


GENERAL CONSIDERATIONS 
Composition of the Complex 


The caledonica complex has been assigned 
to the Australasian subgenus Mémeteomyia 
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Theobald, 1910 (type species: M. apicotri- 
angulata Theobald, 1910 (=T. (M.) atripes 
Skuse), Kurunda, Queensland; monobasic), 
Edwards (1932: 76) and Lee (1946: 225) have 
designated caledonica as the typical representa. 
tive of one of the groups within the subgenus. 
I am changing their terminology from group 
to section to distinguish it from species 
group. The caledonica section is separated 
from the other sections in the adult stage by 
the proboscis being very slender and dis. 
tinctly longer than the abdomen and by the 
male palpi being about 0.7 to 0.8 as long as 
the proboscis. All the known larvae of this 
section have no comb plate and also lack 
the development of mesothoracic hair 7 into 
a spine. Four of the species assigned by Lee 
(1946: 225) to this section are not closely 
related to caledonica complex and all of them 
occur in New Guinea or North Queensland. 
The remaining three species formerly recog- 
nized, caledonica, rotumana and tasmaniensis 
(Strickland, 1911) appear to form a natural 
group. I have not seen any material of the 
latter but the descriptions of Edwards (1929: 
337-338) and Lee (1946: 267-268) are sufhi- 
ciently detailed to recognize it. The adults of 
this group all have the pleural scaling con- 
fined to longitudinal bands and the disc of the 
scutum with small narrow scales and with 
several dorsocentral bristles. The larvae ap- 
pear to be all of the same general type. T. 
rotumana is extremely close to caledonica as 
understood by Edwards and differs from it in 
the adult stage only in having basally instead 
of apically placed light tergal markings on 
the abdomen and in lacking lower sterno- 
pleural bristles. For this reason I consider 
rotumana a member of the caledonica complex. 
On the other hand, T. tasmaniensis, reported 
breeding in rock pools and tree holes in 
Tasmania and the eastern portion of New 
South Wales, is strongly differentiated from 
the other forms in the adult stage by its 
ornamented legs and by having the pleura 
bare in the middle as opposed to entirely 
dark legs and pleura scaled in the middle. 
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It is, therefore, excluded from the caledonica 
complex. 

In the material of the caledonica complex 
available to me there appear to be several 
ecospecies, ecotypes, ecophenotypes and geo- 
graphical races, clearly marked in the larval 
stage but generally without striking differences 
in the male genitalia, adult coloration or in 
the pupal stage. The larval characters of three 
of these forms are so constant and uniform 
that I consider these three as distinct species: 
caledonica, from Nepenthes pitchers in New 
Caledonia; folicola, from leaf axils of various 
plants in Espiritu Santo, New Hebrides; and 
rotumana, from Rotuma Is., north of Fiji. 
Aside from these stabilized segregates, the 
caledonica complex consists of a multitude of 
larval forms utilizing a variety of breeding 
habitats from “‘palm-bracts”’ and tree holes to 
bamboo, coconut shells and artificial con- 
tainers in the New Hebrides, Loyalties and 
New Caledonia and adjacent islands. All of 
these I consider, at the present time, members 
of a highly plastic, polymorphic, actively 
evolving species, T. melanesiensis. As discussed 
under this species, there appear to be included 
in this assemblage at least two major geo- 
graphical races and a bewildering array of 
ecological and minor geographical races in 
various stages of evolution towards distinct 
species, a condition fully attained by caledon- 
ica, folicola and rotumana. \n view of the ab- 
sence of controlled progeny rearings and 
crossbreeding experiments, it may be argued 
that a simpler interpretation of all these differ- 
ent larval types would be that the entire 
taledonica complex is one highly plastic spe- 
cies with a multitude of ecophenotypes. While 
it is true that some mosquito species show 
considerable modifications correlated with 
different larval habitats, as for example the 
length of the siphon and of the anal gills, 
particularly in brackish and fresh water, none 
of these modifications are as distinct, constant 
or numerous as in caledonica, folicola or rotu- 
mana. Furthermore sympatric, as well as allo- 
patric, ecological speciation seems to be the 
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rule in mosquitoes utilizing small collections 
of water in living plants or dead plant material 
as breeding sites, as for example in the Aedes 
kochi complex in the Solomons and in the 
genus Wyeomyia in the Neotropical region. 
A large number of such ecospecies are species- 
specific in regard to the host plants while 
others may have a wide range of hosts. The 
main difference between speciation in these 
taxa and that found in the caledonica complex 
is that in the former the diagnostic larval 
characters are often accompanied, and some- 
times exceeded, by genitalic characters in the 
male and color characters in both sexes in the 
adult stage. In the genus Tripteroides several 
groups of otherwise quite distinct species 
exhibit no noticeable differences in male gen- 
italia as in the case of the caledonica complex. 
Similarly severa] other groups in this genus 
are also characterized by a uniform drab color- 
ation in the adult stage. 


Zoogeography 


The zoogeographic relations of the cale- 
donica complex are of considerable interest. 
The nearest unmistakable relative is T. tas- 
maniensis from Tasmania and the eastern part 
of New South Wales. Other than this there 
is no close similarity between this complex 
and any of the other species of Tripteroides in 
the surrounding areas. The one species found 
in New Zealand, T. argyropa (Walker, 1848), 
is so distinct that it has been placed in the 
monotypic subgenus, Maorigoeldia, which is 
probably worthy of full generic rank. To the 
east, only the Fijian T. purpurata (Edwards, 
1921) is known and it is undoubtedly a mem- 
ber of the subgenus Tripteroides, showing 
affinities with T. distigma (Edwards, 1925) of 
the Solomons. In the Solomons nothing even 
remotely resembling the caledonica complex 
has been recognized. The next closest rela- 
tives of the complex are found in the second 
group of the caledonica section, represented 
in Australia by collessi Lee, 1946 from Upper 
Baron, North Queensland and in the Solo- 
mons by the aberrant coheni Belkin, 1950. The 
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center of this group is undoubtedly in New 
Guinea where argenteiventris (Theobald, 1905), 
atra (Taylor, 1914), and microlepis (Edwards, 
1927) are found. Still more remotely allied is 
the atripes section of Mimeteomyia, which is 
represented in Australia (N. S. Wales, Queens- 
land and Northern Territory) by atripes (Skuse, 
1899) and punctolateralis (Theobald, 1903), 
and is apparently absent from New Guinea or 
at least not represented by the stripes complex. 
This particular complex is of interest here for 
it has a member, T. so/omonis (Edwards, 1924) 
in the Solomon Islands. Both the atripes com- 
plex and the caledonica complex utilize arti- 
ficial containers to some extent for breeding 
and it is possible that they arrived or spread 
in Melanesia in recent times through acci- 
dental human transport. On the other hand 
their mutual exclusion in Melanesia is against 
such a simple interpretation and favors an 
earlier origin from continental Australia, at 
least for the caledonica complex. This does not 
imply a continuous land connection, for it is 
quite evident that mosquitoes are capable of 
crossing considerable expanses of water 
through natural means of dispersal. The pres- 
ent distribution of mosquitoes of the genus 
Tripteroides in southern and eastern Melanesia 
is peculiar and analogous to the distribution 
of the human racial stocks in this area, al- 
though it does not follow the same plan. 
The caledonica complex has apparently come 
from Australia and has more recently ex- 
tended to the northeast to Rotuma Island. 
T. purpurata, the only other eastern outpost 
of the genus, has undoubtedly come by way 
of the Solomon Islands to its present position 
to the southeast, in Fiji. This has resulted in 
a complete crossing of the paths of dispersal 
of these two different lines. Unfortunately we 
have no records of mosquitoes of this genus 
from the Santa Cruz group which may have 
served as a stepping stone for both dispersals. 
It is not beyond the realm of possibility that 
the extensions to Rotuma and Fiji have been 
made in recent times through human agency 
by transport in canoes. Considering the nu- 
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merous movements of the Melanesians and 
Polynesians in this area, it is surprising that 
more species of mosquitoes capable of being 
transported in such a way have not spread 
more widely. 

Within the caledonica complex itself the 
geographic and ecological relations are also 
of interest. In New Caledonia, adjacent is. 
lands, and the Loyalties two species of the 
complex are represented, caledonica in Nepen- 
thes pitchers and melanesiensis in tree holes, 
bamboo, artificial containers and “palm. 
bracts.” All the larval ecological types of 
melanesiensis in this area are remarkably sim- 
ilar when compared with the parallel forms 
in the New Hebrides, but one of them, the 
“palm-bract”’ race, may prove to be a distinct 
species. In the New Hebrides two distinct 
species are also recognized, folicola restricted 
to leaf axils of living plants on Espiritu Santo, 
and melanesiensis, breeding in a wide variety 
of habitats throughout the New Hebrides. 
The ecological and geographic forms of me- 
Janesiensis in this area are much more numer- 
ous and exhibit much greater divergence. A 
single island, as Espiritu Santo, may have as 
many as four distinct larval types, each re- 
stricted to a distinct habitat. Furthermore 
parallel ecological types on different islands 
often exhibit striking differences which be- 
come more extreme toward the northern por- 
tion of the range. Finally, some 600 miles to 
the northeast of the New Hebrides, on the 
small island of Rotuma, we find rotumana, a 
species strongly differentiated from the rest of 
the complex in the adult stage, but very 
similar to melanesiensis in the larva. 

To summarize: On the basis of present 
knowledge of the caledonica complex, it ap- 
pears that it was derived from continental 
Australia and first reached New Caledonia, 
probably by means of intermediate islands no 
longer in existence in the region of the Ches- 
terfield group (Routhier, 1953: 244-246). In 
New Caledonia, the uniform southern race of 
melanesiensis represents the original stock from 
which were derived at an early date the aber- 
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rant caledonica and the “‘palm-bract’’ race of 
melanesiensis and probably at a later date the 
populations on the adjacent island groups, 
Loyalties and Belep. The invasion of the New 
Hebrides is much more recent but has given 
rise to a new and now active center of specia- 
tion. Probably the atypical northern races of 
melanesiensis represent the original stocks in 
this area. From these have been derived the 
typical race of melanesiensis in the northern 
New Hebrides, folicola of Espiritu Santo and 
rotumana of Rotuma Island. The dispersal 
within the New Hebrides has probably been 
accomplished largely through natural means 
although, within recent times, it has un- 
doubtedly been influenced by movements of 
human populations. On the other hand, it 
seems improbable that Rotuma Island has 
been reached through natural means, for the 
distance involved appears too great and there 
is no geological evidence of former inter- 
mediate island arcs; furthermore it is known 
that Rotumans visited the New Hebrides 
several times in the past. 


Ecology 


Other than brief notes on habitats, con- 
sidered under each species, little information 
is available on the larval ecology of the com- 
plex. Miss E. Cheesman (1952, in Jit.) ob- 
served larger larvae of the ‘‘palm-bract”’ race 
of melanesiensis feeding on smaller ones as well 
as on dead flies but she never observed this 
behavior in Araucaria breeders. 

Adults of melanesiensis have been reported 
resting near breeding places and on tree 
trunks and not attacking man on Espiritu 
Santo in the New Hebrides (Knight, im Jit.; 
Perry, 1946: 14). Miss Cheesman (Joc. cit.) 
reports being bitten on two occasions by 
Araucaria breeders but never by “‘palm-bract”’ 
breeders. No information is available for the 
other species. 


Larval Characters 


The caledonica complex, as understood here, 
is dificult to characterize in the fourth instar 
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larva but the following features are shared by 
the majority of the forms: 


Head: About as wide as long; maxillary 
suture well developed; dorsal hairs single or 
with a few branches; hairs 0,3-C minute, 
placed on lower surface; 4-7-C placed far 
forward; 8-C only slightly cephalad of 9-C; 
11—13-C far forward and close together; 15-C 
near occipital border, multiple. Antenna 
slender, about five or six times as long as 
wide, concave laterally; 1-A arising at about 
0.6 or distad. 


Thorax: 0,1,3,4,7,8,13,14-P usually stellate 
(except in caledonica); 2,5,6,10,12-P single; 
9-P usually multiple; 11-P single or branched; 
1-3-P and 5,6-P on common tubercles; 
1,8,13,14-M usually stellate (except in cale- 
donica); 2-7,10,12-M single; 9-M multiple; 
11-M single or branched; 6,7-M on common 
tubercle; 7-M long, thin; 1,4,5,8,13-T usually 
stellate (except in caledonica); 2,3,6,10,12-T 
single; 7-T single to triple, spine-like or hair- 
like; 9-T multiple; 11-T single or branched; 
7,8-T on common tubercle. 


Abdomen: 0,14-II-VI, 1,2,5,9,10,13-I-VII 
usually stellate (except in caledonica); 11-II- 
VII, 3,4,12-I-VII always single; 0,8,11,14-I 
absent; comb plate not developed; 1-VIII 
usually stellate (except in caledonica): 1-S well 
differentiated from 1a-S. 

All the features of the larval morphology, 
except perhaps the head capsule, show a great 
deal of variation, individual, ecological and 
racial, in melanesiensis, but in the other three 
species they have become fixed within rather 
narrow limits. Particularly variable in me/ane- 
siensis are the length of the siphon, number 
of pecten teeth and comb scales, length of 
anal gills, and development of stellate tufts, 
metathoracic spine and accessory siphonal 
hairs. 


Pupal Characters 


It is impossible to generalize on the pupal 
characters of the complex since very little 
material is available. All the male pupae ex- 
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hibit a sexual character not formerly recog- 
nized in the presence of a pair of elongate 
transverse submedian dark spots on abdom- 
inal tergites 2-4. The length and shape of the 
trumpet appear to be reliable taxonomic char- 
acters as well as the development of abdom- 
inal hairs i, 2 and 5 on some segments. On 
the other hand the length and shape of the 
paddle, but not its marginal fringe, are ex- 
tremely variable in melanesiensis and are un- 
doubtedly correlated with the development 
of the siphon, an unreliable character in the 
larva. 


Adult Characters 


A character not formerly noted for this 
complex, or for any Tripteroides, to my knowl- 
edge, is the development of a few outstanding 
long, thin, somewhat flattened hairlike scales 
or scalelike bristles on the midline of the 
mesonotum just in front of the prescutellar 
space. These may represent highly modified 
posterior acrostichal bristles. Apparently their 
presence is dependent upon the vigor of the 
individual since they have been noted only 
on larger specimens of all the species ex- 
amined. 

Except for rotumana, no striking diagnostic 
characters have been found in the complex. 
The male genitalia show considerable varia- 
tion in the clasper and in the number of 
bristles on the basal lobe of the sidepiece and 
lobe of the ninth tergite. None of these varia- 
tions appear to be correlated with larval char- 
acters. T. caledonica appears to be unique in 
the development of a few broad dark scales 
in the supraalar area. A great deal of variation 
was noted in the thoracic chaetotaxy, parti- 
cularly in the development of dorsocentrals, 
but this was not studied in detail. The dis- 
tribution and amount of light scaling on the 
head, thorax and abdomen show differences 
that appear to be correlated with geographical 
distribution as noted under melanesiensis. Be- 
fore these characters can be used for diagnosis 
much more and better material must be 
accumulated. 
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Keys to Species 


1. ADULTS (MALES AND FEMALES 


. Abdominal tergites with basal lateral! light 


spots; lower sternopleural bristles absent 
.....1. rotumana (Edwards) 


Abdominal tergites entirely dark or with 
apical light bands or apicolateral light 
spots; lower sternopleural bristles present 

? 


. Supraalar area with several broad, apically 
rounded dark scales " 
T. caledonica (Edwards) 


Supraalar area with only narrow, pointed 
dark scales T. melanesiensis n. sp. 


T. folicola n. sp. 


2. PUPAE 


1. Trumpet narrow, parallel sided; trumpet 


index 4 or more... 7. rotumana (Edwards) 


Trumpet expanded distad; trumpet index 
3 or less 2 


. Trumpet width at basal 0.1 about 0.25 of 


width at middle; paddle margins with sev- 
eral dorsal rows of distinct spicules 
T. caledonica (Edwards) 


Trumpet width at basal 0.1 usually 0.5 or 
more of width at middle; paddle margins 
with spicules absent or few and scattered .3 


. Hairs 5-IV—VI usually double; pinna about 


0.30 of trumpet length. . T. folicola n. sp. 


Hairs 5-IV—VI usually single; pinna about 
0.15 to 0.20 of trumpet length... . 
T. melanesiensis n. sp. 


3. LARVAE 


. Hairs O-II-VII, 2-I-VII minute, single; 


dorsum of thorax and abdomen without 
distinct stellate hairs.................- 
_...T. caledonica (Edwards) 


Hairs 0-II-VII, 2-I-VII large, stellate; dor- 
sum of thorax and abdomen with distinct 
stellate hairs me 2 
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2. Hair 14-VII minute or small, single; hair 
8-VII small, not stellate 
T. rotumana (Edwards) 


Hair 14-VII large, branched and stellate; 
hair 8-VII usually large, stellate 


3. Accessory ventral siphonal hairs, 1a-S, ab- 
sent from basal third, usually single and 
less than 6 in number; stellate hairs of 
abdomen usually with 30 or more branches 


Zz, folicola n. Sp. 


Accessory ventral siphonal hairs, 1a-S, pres- 
ent on basal third, usually at least double 
and 8 or more in number; stellate hairs of 
abdomen with at most 25 branches 

T. melanesiensis n. sp. 


1. T. (M.) caledonica (Edwards, 1922) 
Fig. 1 


. Rachionotomyia caledonica Edwards, Bul. 
Ent. Res. 13: 100-101. Types: Male and 
female, Houailou, New Caledonia, July 
31 and Aug. 1, 1914, bred from pitcher 
of Nepenthes (P. D. Montague) [BM 
NH]. 


. Rachionotomyia caledonica. Edwards, Bul. 
Ent. Res. 14: 361-362. 


. Rachionotomyia caledonica. Buxton and 
Hopkins, Res. Polyn. and Melan. I- 
IV: 74 (partim). 


. Tripteroides (M.) caledonica. Edwards, 
Genera Insectorum 194: 77 (partim). 


. Tripteroides (M.) caledonica. Lee, Atlas 
Mosq. Larv. Australasian Reg. p. 22 
(partim). 


. Tripteroides caledonica. Knight, Bohart 
and Bohart. Keys Mosq. Australasian 
Reg. pp. 19, 67 (partim). 


. Tripteroides (M.) caledonica. Lee, Linn. 
Soc. N.S.W., Proc. 70: 265 (partim). 


Diagnosis 


ADULTS.—Abdomen with apical light bands 
well developed. Supraalar area of mesonotum 
with several broad, apically rounded or trun- 
cate, dark scales. Lower sternopleural bristles 
present. 


PUPA.— Pigmentation practically absent ex- 
cept for dark brown dorsum of cephalo- 
thorax, abdominal intersegmental areas, and 
base of abdomen middorsally; trumpet very 
dark brown, lighter apically; integumentary 
abdominal sculpturing distinct only on darker 
areas. Trumpet index about 2.3; width at 
basal 0.1 about 0.25 of that at middle; pinna 
about 0.39. Hairs 5-I[V-VI(1); 2-II-VII(1); 
1-II(simply branched); 1-IV—-VI(1—3b). Pad- 
dle index about 1.55; midrib broad; inner and 
outer margins with several dorsal rows of 
distinct spicules. 


LARVA. — Head capsule dark blackish brown; 
integument of thorax and abdomen com- 
pletely unpigmented except for sclerotiza- 
tions. Head width about 1.05 of length, great- 
est caudad of eye; hairs 14-C(2b, slender), 
15-C(1,2f,b). Thorax and abdomen without 
conspicuous stellate hairs, corresponding 
hairs single or with at most 6 or 7 short 
branches; large single hairs swollen and 
fringed near base. Thoracic hairs: 1-P(3b, 
longer than 3-P); 2-P(1, about as long as 
1-P); 3-P(3, 4b, apices attenuate); 5-P(1, over 
3 times as long as 1-P); 7-T(1, hairlike, not 
spinelike); 13-T(7b, large and with branches 
of uneven lengths). Abdominal hairs: 2-I—-VII, 
0,14-II-VII(1, minute or small); 10-I-VII(2- 
4b, well developed, most conspicuous ventral 
hair). Comb scales about 15 to 20, blunt and 
fringed apically and on one side. Siphon index 
about 2.5; pecten teeth (1 on left side only: 
minute; sharply pointed, fringed laterally); 
hair 1(3b), la(usually 9, mostly single), 2a 
(usually 7, all single, heavy, long). Anal seg- 
ment: dorsal gill about 1.7 of saddle; ventral 
gill slightly shorter than saddle; hair 1 (2b), 
2(2b), 4(2b, about 3.3 of saddle). 





Fic. 1. Tripteroides (M.) caledonica (Edwards, 1922). 
Fourth instar larva; terminal abdominal segments, left 
lateral aspect. La Coulee River, New Caledonia, Ne- 
penthes pitcher (L. J. Dumbleton). 


Description 


ADULTS.—Very similar to melanesiensis. I 
have seen six females, four pinned, one pre- 
served in alcoholand the other fully developed 
in situ in the pupal skin, and eight males, 
three pinned and five im situ in pupal skins. 
Both sexes may be separated from T. mela- 
nesiensis by the presence of several broad, 
semi-appressed, apically rounded or truncate, 
dark scales among the posterior supraalar 
bristles. The following additional information 
about the types, obtained by Dr. Mattingly 
at my request, may be of interest: whitish 
scales in front of wing root are not broad and 
flat but a trifle broader than elsewhere (as in 
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melanesiensis); dorsocentrals seven on each 
side in line plus three or four at posterior 
end and two or more prescutellars (meso. 
notum disfigured in this region in both spec- 
imens); posterior pronotum with white scales 
in upper part (as in melanesiensis); lower ster- 
nopleuron with scales and bristles as in 
melanesiensis; propleurals four. Male.—Leg 1: 
femur 1; tibia 0.96; tarsus 0.61, 0.31, 0.21. 
0.04, 0.08; leg 2: femur 0.90; tibia 0.99; tarsus 
0.75, 0.39, 0.24, 0.06, 0.06; leg 3: femur 0.86; 
tibia 0.84; tarsus 1.08, 0.63, 0.46, 0.29, 0.11. 
Female.—Leg 1: femur 1; tibia 0.99; tarsus 
0.66, 0.36, 0.23, 0.11, 0.08; leg 2: femur 0.93; 
tibia 1.03; tarsus 0.78, 0.43, 0.25, 0.11, 0.07; 
leg 3: femur 0.90; tibia 0.92; tarsus 1.08, 0.64, 
0.47, 0.29, 0.10. 


puPA.—Abdomen: 3.60 mm. Trumpet: 0.45 
mm. Paddle: 0.50 mm. Cephalothorax: Very 
lightly pigmented except middorsally and on 
metanotum. Trumpet very dark brown, lighter 
apically; length about 2.3 median width; 
basal 0.11 parallel sided, width about 0.25 
of median width; distally suddenly expanded; 
smooth convex on posterior margin, with a 
medium bulge on anterior margin; inner wall 
distinctly separated to apex on anterior mar- 
gin; tracheoid on mesal surface of basal stalk 
only; reticulate distinct, without conspicuous 
spicules; pinna about 0.39. Hairs heavily to 
moderately pigmented. Hairs: 1(2b from 
base, very long), 2(2b from near base), 3(1, 
equal to 2, about one-fourth length of 1), 
4(2b, long), 5(1, long), 6(1, short), 7(4b, 
moderate), 8(1, about half as long as 1), 
9(1,2b, about one-third as long as 1), 10(2b, 
short), 11(1, medium), 12(1, long). 


Abdomen: Very lightly pigmented except mid- 
dorsally proximad, intersegmental areas very 
dark at base; integumentary sculpturing dis- 
tinct on darker segmental areas; tergites 2-4 
each with a pair of elongate transverse sub- 
median dark spots (male character). All hairs 
moderately to well pigmented. Segment 1: 
hair 1(about 30 primary branches, arising from 
elongate stem and enlarged base, with sec- 
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ondary yor and thin fringes), 2(1), 3(1), 
4(1, thin), ), 6(1), 7(1), 10(1). Segment 
2: O(1, minute), “~ 4b), 2(1), 3(1), 4(2,3b), 
§(1), 6(1, reaching apex d next tergite), 7(1, 
ventral), 10(2b, ventral), 12(1, lightly pig- 
mented), ae seen). ny 3: hair O(1, 
minute), 1(1—3b), 2(1), “¢ ning neo 
6(1,2b), nl 8(1), 10(1), 11(1), , 14(1, 
sages Segment 4 ha o(1, oie Bey 
3b), 2(1), 3(2,3b), 4(2b) ), 5(1), 6(2,3b), 
=(36), phos 11(1,2b), 12(1), 14(1, a 
ute). Segment 5: hair 0(1, ge ge agen 
3(1), 4(2,3b), 5(1), 6(1,2b), , 8(1, 
2. “101 1), 11(1), 12(1), 14(1, minute). Seg- 
ment 6: hair O(1, minute), e™ sometimes 
with long ms fringes), 2(1), 3(1), 4(1,2b), 
5(1), 6(1), 7(1), 8(2,3b), nage 1(1), 12(1), 
ay pl ). Segment 7: hair 0(1, minute), 
2(1), 3(1), 4(1), 5(1), 6(2b), 7(6-8b), 
gy 10(1), 11(1), 12(1), 14(1, minute). 
Segment 8: 0(1), 5(1, reaching about halfway 
down paddle), 7(12,13b), 14(1, minute). Seg- 
ment 9: dorsal lobe extending to 0.38 of 
paddle, hair 1 apparently not developed. Pad- 
dle width about 0.65 length; very lightly 
pigmented; midrib broad and strongly sclero- 
tized at base, evanescent apically; margin with 
several dorsal rows of distinct long spicules 
from base externally around apex to basal 
third internally; hairs absent. Male genital 
lobe extending to about 0.75 of paddle. 


LARVA.—Head: 0.84 mm. Siphon: 
mm. Anal saddle: 0.25 mm. 


Head: Width about 1.05 of length, widest part 
caudad of eye; pigmentation a dark blackish 
brown, rather mottled; sculpturing indistinct; 
mental plate black, large, with about 22 teeth, 
median three strongly projecting from re- 
mainder; gula short, very broad caudally, 
maxillary sutures strongly diverging. Hairs of 
head capsule same color as integument or 


0.60 


darker. Chaetotaxy as in melanesiensis except 
as noted; hair 5(1, not as strong, more cephalic 


and mesal, almost in line with hair 1), 6(1, 
heaviest hair on dorsum, more mesal), 7(2b, 
shorter), 8(2b), 9(3b), 11(1, strong black 
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spike), 12(2b, shorter), 13(1, strong, long, 
closer to 12 than 11), 14(2b, slender), 15(1, 
2f, b). Antenna about 0.3 of head, apex pro- 
duced on mesal angle; width at middle about 
0.16 of length; shaft hair at about 0.72; pig- 
mentation as on head capsule, sculpturing 
more distinct. Antennal hairs lighter than on 
head capsule; all hairs single; 6-A short, 
slender, reaching to 0.7 of transparent part 
of 5-A. 

Thorax: Integument completely unpigmented: 
hairs very darkly pigmented a blackish brown; 
tubercles lighter, distinct only for 1-3-P, 5,6- 
P, 9-12-P, 2-M, 5-M, 6,7-M, 9-12-M, 7-T,9 

12-T, 13-T; stellate hairs not developed, or re- 
duced, corresponding hairs simple or with at 
most 6,7 short branches (except 13-T); large 
simple hairs swollen a short distance from base 
and with distinct fringes on enlargement; hair 
arrangement generally as in melanesiensis ex- 
cept as noted. Prothorax: 0(4,5b, stellate but 
short and inconspicuous), 1(3b, apices sharply 
pointed, longer than 3-P, caps, § in deep 
alveolus on edge of tubercle of 2 ¢ 2(1, 

about as long as 1-P, apex attenuate), 3(3,4b, 
apices attenuate), 4(2,3b, apices sharply 
pointed or fringed, re as long as 3-P), 
5(1, long, over 0.5 mm., enlargement near 
base, on common tubercle with 6), 6(1, long, 
about 0.66 of 5), 7(3b, a little longer than 1; 
close to 6), 8(3b, about equal to 3, more 
ventral than in melanesiensis), 9(2,3b), 10(1), 
11(2b, short), 12(1), 13(3,4b), 14(5,6b). Me- 
sothorax: 1(1—3b, minute to short), 2(1, long), 
3(1, more cephalic than in melanesiensis), 4(1, 
medium), 5(1, longest dorsal hair, with en- 
largement near base), 6(1), 7(1, with en- 
largement near base), 8(2,3b), 9(4b), 10(1), 
11(1), 12(1), 13(3,4b), 14(1-3,4b, minute to 
small). Metathorax: 1—4(1), 5(1—3b, small), 
6(1), 7(1, hairlike not spinelike, sharply at- 
tenuate, short, spiculate), 8(2,3b), 9(4,5b), 
10(1), 11(1,2b), 12(1, medium), 13(7b, large, 
with branches of uneven lengths). 

Abdomen: Pigmentation as on thorax; tuber- 
cles distinct for 6,7-I,II and 6-III-VI; stellate 


hairs undeveloped or inconspicuous, cor- 
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responding hairs simple or with at most 6 
short branches; large simple hairs as on 
thorax; hairs 0, 2 and 14 minute or small, 
always simple; pattern of chaetotaxy gen- 
erally as in melanesiensis; hair 10-I-VI(2—4b, 
well developed and most conspicuous hair 
on venter), 9-I-VI(1—4b, also well developed), 
5-I-VI(2-4b, moderately developed, most 
conspicuous dorsal hair), 13-I-VI(1—4b, ex- 
tremely variable in development, often very 
small), 1-I-VI(1-Sb, usually small, incon- 
spicuous, sometimes minute), 6-I-VI (usually 
single, sometimes double on I); other hairs 
on I-VI simple. Terminal abdominal seg- 
ments as in Figure 1. 


Discussion 


T. caledonica has been reported only from 
New Caledonia and breeds exclusively in 
Nepenthes pitchers. The larvae are unlike those 
of any other member of the complex in that 
hairs 0, 2 and 14 are inconspicuous, single, 
minute or small hairs instead of large, stellate 
tufts on all abdominal segments. There is a 
considerable variation in the development of 
other hairs which are stellate in related spe- 
cies, but, in the material examined, there is 
no overlap with these species. As noted in the 
description, there are a number of unique 
larval characters which, together with the 
features mentioned above, make this larva 
superficially so strikingly different that with- 
out correlation with the adults it would not 
appear to belong to the complex. At the same 
time, the general degree of development of 
the chaetotaxy of the fourth instar larva of 
caledonica is reminiscent of the condition 
found in the younger instars of the more 
generalized members of the complex. This 
“pseudoneotenic” condition, found in many 
other Tripteroides breeding in Nepenthes, is 
apparently not entirely genetic and may be 
associated, to some extent at least, with the 
unfavorable breeding environment as shown 
by the considerable individual variation. 

While the pupae and adults are generally 
similar to melanesiensis and folicola, they also 
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appear to possess distinctive characters. Addi- 
tional material of all stages is much desired 
to establish the normal range of variation in 
this species. 


To date caledonica is the only species of its 
section reported breeding in Nepenthes pitchers 
but it seems that others must exist in areas in 
New Guinea and islands to the east, as well 
as in northeastern Australia, where Nepenthes 
occurs and where this section is represented 
by other. species. Utilization of this unusual 
larval habitat is characteristic of the entire 
genus and has resulted in extensive speciation 
in New Guinea and the Philippines. 


Distribution 


New CALEDONIA, Houailou: 1M, 1F, July 
31 and August 1, 1914, bred from pitcher of 
Nepenthes (P. D. Montague) [BMNH}. La 
Coulee River: 8M, 6F, 9P, 12L, February, 1954, 
in Nepenthes pitcher (L. J. Dumbleton) [US 
NM, BMNH, JNB]. 


2. T. (M.) folicola Belkin, new species 
Fig. 2 


1944. Tripteroides caledonica. Knight, Bohart 
and Bohart. Keys Mosq. Australasian 
Reg. pp. 19, 67 (partim). 


1946. Tripteroides (M.) caledonica. Perry, Pan- 
Pacific Ent. 22: 13-14 (partim). 


Diagnosis 


ADULTS.—Abdomen with apical light ab- 
dominal bands poorly developed or absent. 
Supraalar area without broad, apically round- 
ed, dark scales. Lower sternopleural bristles 
present. Cannot be distinguished from north- 
ern melanesiensis. 


PUPA.— Pigmentation a very uniform, bright 
yellowish brown, abdominal intersegmental 
areas dark brown; trumpet bright deep yellow 
brown; integumentary abdominal sculpturing 
very uniform and distinct throughout. Trum- 
pet index about 2.5; width at basal 0.1 about 
0.5 of that at middle; pinna about 0.30. Hairs 
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§-IV-VI(2b); 2-II-VII(1); 1-II (irregularly 
dendritic); 1-IV—VI(4—6b). Paddle index 
about 1.70; midrib narrow; inner and outer 
margins without distinct spicules. 

LARVA.— Pigmentation of head, thorax and 
abdomen light brownish yellow; thoracic and 
abdominal hairs yellowish brown. Head width 
about 0.97 of length, greatest cephalad of 
eye; hairs 14-C(about 10b), 15-C(about 8b, 
long). Thorax and abdomen with conspicu- 
ous stellate tufts of 30 or more slender yellow- 
ish branches; large single hairs not swollen 
or fringed near base. Thoracic hairs: 1-P(about 
30b, shorter than 3-P), 2-P(1, shorter than 
3-P), 3-P(5—7b, branches of unequal length), 
5-P(1, only a little longer than longest 3-P 
branch), 7-T(2b, spinelike), 13-T(about 25b, 
not conspicuously larger than other stellate 
tufts). Abdominal hairs: 2-I-VII, 0, 14-II- 
VII large stellate tufts; 10-I—-VII large stellate 
tufts comparable to others. Comb scales about 
30 in number, sharply pointed and unfringed 
apically. Siphon index about 3.5; pecten 
teeth (8-10 on each side; broad at base); 
hair 1(5b), 1a(5 in number, mostly single: 
absent frou basal third); 2a(about 18 in num- 
ber, short, 2b or single). Anal segment: dorsal 
gill slightly less than 2.0 of saddle; ventral 
gill about 1.6 of saddle; hair 1(4b), 2(6b), 
4(4b, about 3.0 of saddle). 


Description 
ADULTS.—Very similar to melanesiensis. 1 


have not been able to find any characters to 
separate them from melanesiensis. 


pupA.—Abdomen: 3.36 mm. Trumpet: 0.53 
mm. Paddle: 0.66 mm. 


Cephalothorax: Lightly pigmented a uniform 
yellowish brown. Trumpet a bright deep yel- 
low brown; length about 2.5 median width; 
width at basal 0.10 about 0.5 width at middle; 
anterior and posterior margins smoothly con- 
vex; inner wall distinctly separated to pinna; 
tracheoid on mesal surface at extreme base 
only; external reticulations very prominent; 
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internal spicules long, strong in body of 
meatus, longer and thinner near pinna; pinna 
about 0.30. Hairs moderately to heavily pig- 
mented a dark brown. Hairs: 1(2b from base, 
very long, with numerous slender fringes), 
2(2b, about one half of 1), 3(5,6b, shorter 
than 2), 4(6b, shorter than 3), 5(5,6b, slightly 
longer than 3), 6(1), 7(2b, secondarily 
branched), 8(5b, slightly longer than 5), 9(2b, 
slightly shorter than 8), 10(6,7b, secondarily 
branched), 11(1, long), 12(3b, slightly shorter 
than 11). 


Abdomen: Moderately and very uniformly pig- 
mented a bright yellow brown, intersegmental 
areas darker; integumentary sculpturing very 
distinct and uniform throughout. Small hairs 
moderately pigmented, larger hair dark brown. 
Segment I: hair 1(about 30 primary branches, 
arising from elongate stem and enlarged base, 
with secondary branches and thin fringes), 
2(1), 3(1), 4(4b in two primary branches), 
5(8,10b, from a short stem), 6(not seen), 

7(3b, from long stem), 10(1). Segment II: 
et O(1, small, very thin), sisadeed stem, 
about 12 a oe some secondarily 
branched), 2(1,2b), 1(4,5b), 5(6b), 6(not 
seen), 7(3f, ventral), a - 3f, ventral), 11(1), 
14(1, aa . Segment III: hair 0(1, small, 
very thin), 1(8b, from enlarged basal stem), 
2(1), 3(mot seen), 4(4b, some secondary 
branching), 5(3b), 6(3b), 7(3f, ventral), 8(3, 
4f), 10(5f), 11(1), 12(1-3f), 14(1, small, 
— Segment IV: hair 0(1, small, very thin), 

ong 1), 3(3,4b), 4(1,2b), 5(2b), 6(2,3b), 

7(3f), 8(5-S8f), 10(4f), 11(1), 12(2f), 14(1, 
small, thin). Segment V: hair 0(1, small, very 
thin), 1(5,6b), 2(1), 3(2b), 4(3,4b), 5(2b), 
6(1), 7(2f), 8(7,8f), 10(3,4f), 11(1), 12(1), 
14(1, small, thin). Segment VI: hair 0(1, 
small, very thin), 1(4,5b), 2(1), 3(1,2f), 4 
(2—4b), 5(2b), 6(1), 7(3-8f), 8(7-9F), 10(2b, 
f), 11(1), 12(1), 14(1, small, thin). Segment 
VII: hair 0(1, small, very thin), 1(3,4b), 2(1), 
3(1), 4(1), 5(4b, conspicuously fringed), 6(2, 
3b, conspicuously fringed), 7(11,12b, con- 
spicuously fringed), 8(6b, conspicuously 
fringed and secondarily branched; very large), 





Fic. 2. Tripteroides (M.) folicola Belkin n. sp. Fourth 
instar larva; terminal abdominal segments, left lateral 
aspect. Espiritu Santo, New Hebrides, wild banana leaf 
axil (K-784). 


10(1), 11(3,4b), 12(2b), 14(1, small, thin). 
Segment VIII: hair 0(1, small, very thin), 
5(1, reaching about halfway down paddle), 
7(13-17b, conspicuously fringed and some- 
times secondarily branched), 14(1, small, very 
thin). Segment IX: dorsal lobe extending to 
0.3 of paddle length; hair 1 apparently not 
developed. Paddle width about 0.58 of length; 
lightly pigmented; midrib narrow, strongly 
sclerotized and pigmented a yellow brown, 
evanescent at tip; margin without distinct 
spicules; hairs absent. Female genital lobe 
extending to 0.34 of paddle length. 


LARVA (Holotype, K-784).—Head: 0.90 
mm. Siphon: 0.78 mm. Anal saddle: 0.24 mm. 
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Generally similar to melanesiensis except as 
noted. 

Head: Width about 0.97 of length, greatest 
cephalad of eye; uniformly pigmented a light 
brownish yellow; no visible integumentary 
sculpturing; mental plate very dark brown, 
medium in size, with about 20 teeth; gula 
short, very broad caudally, maxillary sutures 
diverging caudally. Hairs of head capsule 
same color as integument or slightly darker. 
Chaetotaxy as in melanesiensis except as noted; 
hair 1(1, long, moderately curved, sharply 
pointed), 4(1, slender, mesad of 1), 5(2-4b, 
slender; more caudal than in melanesiensis), 
6(2,3b, strongest dorsal hair; more mesal), 
7(2b, slender), 8(3b, slender), 9(5,7b, slender), 
10(1,2b, slender), 11(2,3b, very heavy dark 
spikes), 12(3,4b, slender), 13(1, halfway be- 
tween 11 and 12 and mesad), 14(about 10b, 
a conspicuous stellate tuft with heavy branch- 
es), 15(about 8b, a conspicuous tuft with long 
branches). Antenna about 0.30 of head; width 
at middle about 0.18 of length; shaft hair 
(1-A) at about 0.60 from base; pigmentation 
and sculpturing as on head capsule. Antennal 
hairs pigmented as on head capsule except 
transparent apex of 5-A; 6-A long, slender, 
reaching to apex of transparent part of 5-A; 
all single except 1-A(2b). 


Thorax: integument, basal hair tubercles and 
hairs all light brownish yellow except larger 
hairs which are brownish; large single hairs 
without swelling near base and without dis- 
tinct fringes. Chaetotaxy as in melanesiensts 
except as follows: larger stellate hairs with 
30 to 45 slender branches arising in two or 
three distinct whorls from an expanded base, 
branches mostly sharply pointed and usually 
with minute fringes apically; metathoracic 
spine (7-T) dark brown, heavy, 2b, smaller 
branch reaching to about 0.70, often a third 
branch present; long single hairs shorter, 5-P 
only a little longer than longest branch of 
3-P; 3-P(5,7b) with branches of unequal 
length, longest longer than the slender 2-P(1). 
Abdomen: Pigmentation as on thorax; chaeto- 
taxy generally as in me/anesiensis; larger stellate 
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tufts as on thorax, generally with about 30 
or more slender branches. Hairs 6-I-I1(3,2b), 
6-III-V1(2,3b, rarely 1), 7-I-II(2,3b). Ter- 
minal abdominal segments as in Figure 2. 


Types 

USNM No. 62389 (holotype, paratypes). 
Paratypes to be deposited in BMNH, CU and 
CSIRO (Canberra); also in coll. JNB. 

HOLOTYPE: Larva (K-784), NEW HEBRIDES, 
Espiritu Santo: Bomber 3, Renee River area, 
October 17, 1943, in wild banana axils con- 
taining very small quantities of water (R. L. 
Ingram and J. Laffoon). 

PARATYPES: (20L, 4P, 10M, 14F), same 
locality and habitat as holotype as follows: 
QL, 2P, 1F (K-754), September 5, 1943 (K. 
L. Knight); 5M, 3F (K-771), September 14, 
1943 (R. H. Daggy); 11L, 2P, 5M, 10F 
(K-784), October 17, 1943 (R. L. Ingram and 
J. Laffoon). 

Discussion 

T. folicola appears to be restricted to the 
island of Espiritu Santo in the New Hebrides 
and utilizes for breeding sites only water in 
leaf axils of living plants. I have seen spec- 
imens only from banana, A/ocasia and sago 
palms but it is very likely that the specimens 
reported by Perry (1946: 13) as breeding in 
Pandanus are also this species. 

The larvae from the different habitats are 
remarkably similar and, although there is 
some individual variation in chaetotaxy, there 
is no overlap whatever in diagnostic characters 
with melanesiensis. The fact that larvae from 
three different habitats are so similar strongly 
supports the interpretation that folicola is a 
distinct stabilized species rather than an eco- 
phenotype of me/anesiensis. It is also of in- 
terest to note that the parallel ecological 
type in New Caledonia, the ‘‘palm-bract”’ race 
ot melanesiensis, has an entirely different larva. 
No other members of the caledonica complex 
have been reported breeding in leaf axils. 


Distribution 


New HEBRIDES, Espiritu Santo: 21L, 4P, 


10M, 14F (K-754, 771, 784) Renee River 
area, September 5—October 17, 1943, from 
banana leaf axils (K. L. Knight, R. H. Daggy, 
R. L. Ingram and J. Laffoon); 1L, 5M, 6F 
(K-773) Renee River area, September 13, 
1943, from sago palm axils (R. H. Daggy); 
3L (L-E6) Namatasopa, September 3, 1952, 
from leaf axils of Alocasia sp. (Dr. & Mrs. 
M. L. Laird) [USNM, BMNH, CU, CSIR 
(Canberra), JNB]. 


3. T. (M.) melanesiensis Belkin, new species 
Figs. 3, 4, 5 

1927. Rachionotomyia caledonica. Buxton and 

Hopkins, Res. Polyn. and Melan. I-IV: 

74-78 (partim). 


. Tripteroides (M.) caledonica. Edwards, 
Genera Insectorum 194: 77 (partim). 


. Tripteroides (M.) caledonica. Lee, Atlas 
Mosq. Larv. Australasian Reg. p. 22 
(partim). 

. Tripteroides caledonica. Knight, Bohart 
and Bohart. Keys Mosq. Australasian 
Reg. pp. 19, 67 (partim). 

1946. Tripteroides (M.) caledonica. Lee, Linn. 
Soc. N.S.W., Proc. 70: 265 (partim). 


1946. 


Tripteroides (M.) caledonica. Perry, Pan- 
Pacific Ent. 22: 13-14 (partim). 


Diagnosis 


ADULTS.—Abdominal tergites with apical 
light bands well developed, poorly developed 
or absent. Supraalar area without broad, api- 
cally rounded dark scales. Lower sternopleural 
bristles present. Cannot be distinguished from 
folicola. 

Typical race: Abdominal tergites with apical 
light bands narrow and often interrupted 
mesally. Lateral Jight scaling of mesonotum 
not conspicuous. 

Northern atypical races: Abdominal tergites 
with apical light bands narrow, often inter- 
rupted, sometimes completely absent. Lateral 
light scaling of mesonotum not conspicuous. 
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Southern atypical races and “‘palm-bract’’ race: 
Abdominal tergites always with broad apical 
light bands. Lateral light scaling of mesono- 
tum very conspicuous. 


PUPA.—Pigmentation moderate, a reddish 
brown dorsally on cephalothorax, proximal 
abdominal segments, and intersegmental ab- 
dominal areas, remainder lighter (except in 
palm-bract race); trumpet a bright reddish 
brown; integumentary sculpturing distinct on 
more heavily pigmented areas. Trumpet index 
about 2.8-3.0; width at basal 0.1 about 0.6 
of that at middle; pinna about 0.15-0.20. 
Hairs 5-IV—VI(1); 2-II-VII(1-7b); 1-II(sim- 
ply branched ); 1-IV—VI (variable). Paddle in- 
dex variable, length of paddle dependent on 
length of larval siphon; midrib narrow; inner 
and outer margins with spicules few and 
scattered. 


Typical race: Hair 2-II-VII multiple. 
Atypical races: Hair 2-II-VII single. 


LARVA.—Pigmentation of head and un- 
sclerotized integument of thorax and abdo- 
men a light reddish brown, except in “palm- 
bract”’ race. Head width about 0.96 of length, 
greatest width cephalad of eye; hairs 14-C 
(usually 2b, thickened), 15-C(usually 8,9b, 
long). Thorax and abdomen with conspicuous 
stellate tufts always well developed, usually 
with not less than 5 and no more than 25 
strong branches; large single hairs not swollen 
or fringed near base. Thoracic hairs: 1-P(vari- 
able, shorter than 3-P), 2-P(1, longer than 
3-P), 3-P(variable), 5-P(1, about twice as long 
as 2-P), 13-T(variable, only slightly longer 
than other ventral stellate tufts). Abdominal 
hairs: 2-I-VII, 0,14-II-VII stellate, well de- 
veloped; 10-I-VII stellate, well developed, 
comparable to other tufts. Comb scales, si- 
phon, index, pecten teeth, siphonal and anal 
hairs and anal gills extremely variable but not 
as in caledonica or folicola. 


Typical race: Hair 4-X about as long as saddle, 
usually with three or more branches; 1-X with 
five or more branches; dorsal anal gill about 
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1.15 of saddle. Siphon index 3.6 to 6.0: dis- 
tance between 1-S and most proximal |a-S 
distinctly greater than that between tore 
distal la-S; usually 16 to 18 1la-S, mostly 
3,4b; usually 13 or 14 2a-S, mostly 2b; pecten 
teeth 6 to 9, absent from basal fifth or more. 
Comb scales about 30, those at level of 5-VIII 
pointed apically and without distinct apical 
fringe; hair 1-VIII with about 16 branches; 
5-VIII multiple. Large dorsal stellate tufts 
of abdomen with 14 to 25 strong branches. 


Northern atypical races: Hair 4-X from 2.0 to 
3.0 length of saddle, usually 2b; 1-X usually 
2b; dorsal anal gill variable, often 2.0 of 
saddle. Siphon index variable, usually 2.5 to 
3.5; distance between 1-S and most proximal 
la-S as in typical race; usually 8 to 11 1a-S, 
mostly 3,4b; usually 4 to 10 2a-S, mostly 
3,2b; pecten teeth usually 4 or 5, absent from 
basal fifth. Comb scales usually 20 or less, 
those at level of 5-VIII often blunt or rounded 
apically and with distinct apical fringe; hair 
1-VIII usually about 10b, 5-VIII usually 2b. 
Large dorsal stellate tufts of abdomen often 
less than 10b. 


Southern atypical races: Hair 4-X from 2.0 to 
3.0 length of saddle, usually 2b; 1-X usually 
2b; dorsal anal gill variable, usually less than 
2.0 of saddle. Siphon index usually about 3.0 
to 3.5; distance between 1-S and most prox- 
imal 1a-S about equal to that between more 
distal 1a-S; about 15 1a-S, mostly 2b; usually 
10 2a-S, mostly 2b; pecten teeth about 6, 
usually present in basal fifth. Comb scales 
about 30, those at level of 5-VIII blunt or 
rounded apically and with distinct apical 
fringe; hair 1-VIII about 16b; 5-VIII 3-6b. 
Large dorsal stellate tufts of abdomen usually 
10-20b. 


Palm-bract race (New Caledonia): Similar to 
southern atypical races except that dorsal anal 
gill is 3.0 or more saddle length, pecten teeth 
usually restricted to basal half of siphon and 
comb scales at level of 5-VIII with pointed 
apex. Pigmentation lighter than in other races. 





Mosquitoes in Melanesia — BELKIN 


Description 
FEMALE (K-759a).—Wing: 3.35 mm. Ab- 


domen: 2.15 mm. Proboscis: 3.00 mm. Front 
femur: 2.30 mm. 


Head: Vertex with dark, iridescent bronzy, 
broad, appressed scales; narrow orbital line 
of smaller, narrower white scales, expanding 
into a patch on each side ventrally on post- 
gena; occiput with a curved line of about 15 
narrow, apically expanded, forked, erect 
brown scales on each side and a more caudal 
line of narrow, elongate, whitish recumbent 
scales projecting over broad vertical scales 
between the erect occipital scales; frontal pair 
of bristles brown, about 1.5 length of clypeus; 
dark orbitals 3:1, lower shorter. Clypeus about 
0.06 of proboscis, brown and bare, cephalic 
portion and anteclypeus lighter and finely 
spiculate. Palpus about 0.1 of proboscis, base 
bare, remainder shaggy with dark scales and 
bristles. Proboscis very slender throughout 
and not markedly curved, uniformly and 
smoothly covered with moderately narrow 
dark iridescent scales; labella light apically, 
dark-scaled at base as rest of proboscis. An- 
tenna about 0.6 of proboscis; torus very light 
brown, with a few short hairs and scales 
mesally and dorsally; flagellum darker; about 
8 long bristles in a whorl; basal segment with 
numerous appressed scalelike hairs on mesal 
face; hairs more outstanding apically; apical 
three segments subequal to each other and 
to one of more basal segments. 

Thorax: Scutal integument brown and with 
a faint indication of darker longitudinal lines; 
dense vestiture of small, bronzy, narrow, 
curved, appressed scales; laterally scales are 
lighter in color above the pleura; scales more 
slender, longer and less curved, and white in 
color on anterior promontory; area above 
paratergite with light and white scales longer 
and broader, only slightly curved and more 
outstanding; about six pairs of dorsocentrals 
merging into about six pairs of strong and 
several weaker prescutellars, dorsocentral row 
interrupted at level of scutal angle; acros- 
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tichals absent; 15 to 20 or more pairs of 
supraalars; anterior promontory with a pair 
of strong bristles in the middle and three 
bristles on each side; on each side one bristle 
near the border above ppm and another mesad 
and slightly caudad of scutal angle; all bris- 
tles dark. Scutellum brown; median lobe with 
four strong bristles and a pair of weak ones, 
densely covered with very dark, iridescent, 
broad, appressed scales; lateral lobe with four 
strong and a pair of weak bristles and with 
a few smaller dark, iridescent, broad, ap- 
pressed scales. Postnotum dark brown, darker 
in the middle and laterally. Pleural integu- 
ment dark brown, lighter under wing base, 
along membranous area and anterior part of 
stp, somewhat lighter under longitudinal scale 
streak; ppn with 12 to 15 small, broad, white, 
appressed scales near scutal border; a diagonal 
longitudinal streak of larger broad, white, 
appressed scales involving the middle of an,p 
lower part of ppn, lower subspiracular area, 
upper part of middle of stp and lower part of 
middle of mesepimeron; caudal border of stp 
from slightly above lower mesepimeral margin 
with vertical patch of similar scales; pp with a 
small patch of similar white scales, some more 
elongate ones projecting over membrane be- 
tween fore coxa and sternopleuron; two or 
three white scales at base of upper mesepi- 
meral bristles; apn with about four dark bris- 
tles in upper third, two strong dark ones in 
the middle and one dark and three or four 
light bristles in lower; ppn with one dark 
bristle slightly above ventral angle of spiracle; 
one dark and 2 light spiraculars; pp with 7 or 
8 light bristles, 3 or more of which are long 
and somewhat darker; prealars 4 short, usually 
dark bristles and 2 to 4 light hairs; one weak, 
light upper sternopleural, slightly above level 
of scale streak; a group of 4 to 6 weak light 
lower sternopleurals at lower edge of vertical 
scale patch; upper mesepimerals a group of 
10 to 12 light bristles; other bristles absent. 
Haltere light brown at base and stem, dark- 
scaled on knob. 











Fic. 3. Tripteroides (M.) melanesiensis Belkin n. sp., 
typical race. Male genitalia. Espiritu Santo, New He- 
brides, tree hole (K-759). 


Wing: Scales all dark. Outstanding vein scales 
all long and narrow, confined on dorsal sur- 
face to Rs, Ro+s, Re, Rs, and to restricted 
portion of M basad and distad of crossveins, 
base of Mi+2 and M3+,4 and apex of 1A. 
Distance between crossveins about 3.0 of 
m—cu; vein Rz about 2.6 of Ro+3; vein M3+4 
about 1.33 of M distad of m-cu; base of cell 
R» slightly closer to wing base than that of 
cell Me. 

Legs: Coxae and trochanters with patches of 
white scales similar to those on pleura; femora 
dark-scaled above, light-scaled below; tibiae 
and tarsi entirely dark-scaled, lighter below. 
Leg I: femur 1; tibia 1.07; tarsus 0.64; 0.31, 
0.21, 0.11, 0.10; claws normal, equal. Leg II: 
femur 0.89; tibia 0.96; tarsus 0.69, 0.36, 0.23, 
0.10, 0.09; claws normal, equal. Leg III: 
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femur 0.82; tibia 0.86; tarsus 1.00, 0.68. 50, 
0.32, 0.14; claws small, equal. 

Abdomen: Tergites 2 to 6 with narrow apical 
transverse light-scaled bands, broader lat« rally 
and often interrupted mesally; remainder of 
tergites with iridescent dark scales; sternites 
light-scaled. 


MALE (K-759a).—Wing: 3.00 mm. Pro. 
boscis: 2.70 mm. Front femur: 2.00 mm. 

Generally very similar to female. Abdom- 
inal apical light bands more extensive than in 
female and involving tergite 7; sternite 8 
dark-scaled. Palpus about 0.8 of proboscis; 
apex with 3 moderately long bristles; segment 
5 exclusive of terminal bristles 1; segment 4 
about 1.18; segments 3 and 2 indistinctly 
separated and not articulated, about 1.45 and 
1.25; segment 1 and palpifer about 0.47. An- 
tenna about 0.66 of proboscis; longest flagel- 
lar whorls about 0.45 of flagellum; about 30 
bristles in whorl; penultimate segment about 
4.5 of preceding; apical about 0.85 of penul- 
timate, with whorl of 8 shorter bristles. Leg I: 
femur 1; tibia 1.0; tarsus 0.65, 0.33, 0.23, 
0.05, 0.08; claws unequal; shorter claw 
slender; heavier claw with small tooth slightly 
beyond middle. Leg II: femur 0.88; tibia 0.98; 
tarsus 0.78, 0.40, 0.26, 0.06, 0.08; claws as on 
fore leg but without tooth. Leg III: femur 
0.85; tibia 0.88; tarsus 1.10, 0.70, 0.53, 0.30, 
0.12; claws equal, minute. 


MALE GENITALIA (K-759c).—As in Figure 
3. Ninth tergite long laterally, rather uni- 
formly and shallowly emarginate proximally 
on dorsal surface; apex deeply emarginate 
and with pair of prominent lobes; apical 
emargination slightly narrower than width of 
lateral lobe and about as deep as wide; lateral 
lobe slightly wider than long and with 4 or 
5 long bristles, 3 of which are broadened and 
flattened before apex; a conspicuous apical 
ventrolateral sclerotization. Proctiger with 
heavy ventrolateral sclerotization ending in 
1 to 3 dorsal teeth; a patch of microsetae 
laterally and subapically. Sidepiece with min- 
ute cuticular spicules and with long and short 
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bristles dorsally, laterally and mesally and 
with short bristles and scales laterally and ven- 
trally. Basal lobe small but distinct and with 
6 or 7 strong, heavy bristles and a patch of 
smaller bristles. Clasper with spine subter- 
minal. Mesosome small, broad, heavily scler- 
otized, with a narrow dorsomedian basal 
emargination. 


pupa (K-759).—Abdomen: 3.42 mm. Trum- 
pet: 0.50 mm. Paddle: 0.61 mm. 
Cephalothorax: Moderately dark reddish brown 
middorsally, lighter laterally and ventrally. 
Trumpet a bright deep reddish brown; length 
about 2.9 median width; width at basal 0.1 
about 0.63 width at middle; gradually wid- 
ened from base to apex; inner wall distinctly 
separated to pinna; tracheoid on mesal surface 
at basal 0.1 only; external reticulations moder- 
ately distinct; internal spicules long through- 
out; pinna about 0.15 to 0.20. Ventral hairs 
moderately pigmented, dorsal darker. Hairs: 
1(2b, about 0.9 mm.), 2(2b, about half of 1), 
3(4,5b, about one-third of 1), 4(5—7b, about 
equal to 3), 5(4b, longer than 4), 6(4,5b, 
about half of 5), 7(2b, slightly more than 
half of 1), 8(1,2b, about equal to 7), 9(1, 
longer than 8), 10(3,4 primary branches, 
secondarily branched), 11(1), 12(2b, equal to 
or longer than 11). 
Abdomen: Moderately dark reddish brown 
proximad, darker middorsally and in inter- 
segmental areas, distad very lightly pig- 
mented; integumentary sculpturing moder- 
ately distinct on more heavily pigmented por- 
tions, indistinct elsewhere; tergites II-IV 
without submedian spots (female character). 
Small hairs weakly or moderately pigmented, 
larger hairs darker. Chaetotaxy as figured by 
Knight and Chamberlain (1948, Fig. 6). 


LARVA (K-759).—Head: 0.96 mm. Siphon: 
1.24 mm. Anal saddle: 0.33 mm. Chaetotaxy 
as in Figure 4. 

Head: Width about 0.96 of length; uniformly 
pigmented a light reddish brown; no sculp- 
turing visible; mental plate small, with about 





237 


15 teeth. Hairs of head capsule moderately 
pigmented. Antenna about 0.3 of head, width 
at middle about 0.17 of length; mesal surface 
slightly and uniformly convex, lateral surface 
concave at base, convex beyond middle, pro- 
ducing swelling at about 0.6 from base; uni- 
formly pigmented as head capsule; smooth, 
no sculpturing visible. Antennal hairs moder- 
ately pigmented, except apex of 5-A. 
Thorax: Stellate hairs with branches of uneven 
lengths and usually ending in a blunt or 
minutely two-spined apex, shaft of branches 
weakly and sparsely feathered; larger simple 
hairs with short elongate spicules; metatho- 
racic spine (7-T) densely covered with minute 
spicules; all hairs well pigmented, brown, 
darker than head capsule. 

Abdomen: Hairs as on thorax. Comb scales 
well pigmented, sharply pointed apically and 
without distinct fringe at 400 X . Siphon index 
about 6.0 (length to median width); moder- 
ately pigmented and with a dark ring at base; 
sculpturing apparently not developed; pecten 
teeth well pigmented. Anal saddle well pig- 
mented, darker at base middorsally; sculp- 
turing not distinct; median width about 0.8 
of length; apicolateral spines well pigmented, 
sharply pointed. 


Types 


USNM No. 62390 (holotype, paratypes). 
Paratypes to be deposited in BMNH, CU, 
and CSIRO (Canberra); also in coll. JNB. 


HOLOTYPE: Larva (K-759a), NEW HE- 
BRIDES, Espiritu Santo: Segond Channel area, 
Sept. 21, 1943, tree hole (K. L. Knight, J. G. 
Franclemont, JNB). 


PARATYPES (95L, 1P, 13M, 15F): All col- 
lected in or reared from tree holes on Espiritu 
Santo, as follows: 62L, 7M, 11F (K-759a), 
same data as holotype; 30L, 4F (K-794), 
Turtle Bay, Oct. 24, 1943 (R. L. Ingram); 
3L, 1P, 1M, Big Bay, Aug., 1925 (P. A. 
Buxton). 
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Discussion 


T. melanesiensis exhibits more striking varia- 
tion in the larval stage than any other species 
of mosquito that I have seen. Each type of 
breeding place appears to have a peculiar form 
and every island has morphologically dis- 
tinguishable populations. It would appear 
therefore that we are dealing with numerous 
ecophenotypes or possibly ecotypes or eco- 
species as well as geographical races. The 
material at hand does not permit full analysis 
of this complex but indicates certain distinct 
trends. 

The most clearly marked of all the forms of 
melanesiensis is a tree hole breeding form found 
in the northern and central New Hebrides. 
For this reason and because it has been de- 
scribed and figured by Buxton and Hopkins 
(1927: 74-78) I am selecting it as the typical 
race. It is characterized chiefly by the follow- 
ing characters: hair 4-X about as long as the 
saddle and usually with three or more branches, 
hair 1-X with three or more branches, siphon 
index 3.5 to 6. Outside of the type locality 
of Espiritu Santo (Fig. 4,5¢) I have seen 
specimens from Aore Island (Fig. 5c) and 
Efate (Fig. 54). In all probability the speci- 
mens collected by Buxton on Malekula ard 
Pentecost also belong to this race. While there 
appears to be relatively little variation within 
populations of this race on the same island, 
there are striking differences between those 
from different islands, particularly in regard 
to the length and shape of the siphon. The 
typical race of melanesiensis does not appear 
to be entirely restricted to tree holes for spec- 
imens collected in foul water in a cold storage 
house on Espiritu Santo exhibit all the char- 
acters of this race. 


All the remaining forms of me/anesiensis have 
hair 4-X longer than the saddle and usually 
double or single, hair 1-X usually double, and 
the siphon shorter, index 3.5 or less. For the 
present all these forms are considered as 
atypical races of melanesiensis (Fig. 5a, e-h). 
With additional material it may be possible 
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to characterize several races and possibly dis. 
tinct species in this complex. 

In the northern New Hebrides (Espiritu 
Santo, Aessi and Tutuba) atypical melanesiensis 
have been collected in coconut shells (Fig. 
5f), bamboo (Fig. 5a), and cacao pods. In 
addition, at least one collection from tree 
holes on Espiritu Santo contains both typical 
and atypical melanesiensis without any inter. 
mediate forms. The atypical forms in this 
collection resemble closely the bamboo and 
coconut types and have a much shorter siphon 
as well as fewer and shorter branches in the 
stellate hairs than the typical race. Unfortu- 
nately it is not known whether or not the 
two types of larvae came from the same tree 
hole. The larvae from the other three types 
of habitats are generally similar but each has 
its peculiar morphological features. Since the 
number of collections is small, it is impossible 
to determine how constant these differences 
are. I have seen a number of larvae from 
Espiritu Santo which have the siphon longer 
than the other atypical melanesiensis but un- 
fortunately no information is available as to 
their breeding place. These larvae have none 
of the diagnostic features of the typical race. 
Although me/anesiensis has been reported from 
artificial containers on these islands (Perry, 
1946: 14) none of the specimens I have ex- 
amined are recorded as being collected in 
such habitats. It is possible that the above 
mentioned larvae without habitat data are 
from artificial containers. It should be noted 
that Buxton (Buxton and Hopkins, 1927: 76) 
collected only typical melanesiensis in the 
northern New Hebrides and only in tree holes. 
On the other hand during World War II 
atypical me/anesiensis were collected more fre- 
quently than the typical. It is not beyond 
the realm of possibility that the atypical mela- 
nesiensis are not endemic to these islands but 
were introduced at that time. 

In the central New Hebrides collections 
were seen only from the island of Efate. In 
addition to the typical melanesiensis from tree 
holes, larvae have been collected only in a 











it 


1s 
in 
Ce 








Mosquitoes in Melanesia — BELKIN 


523 
6 
Ww O\e 
1 | aoe 
: 3 ‘TT < 
NZ \ >» 
i~ 
I? 7 
5 
| r 
\ 7 \’ 
} \ ia 
ol \ \ 
| \ é \ 





\ . Li W10 
Wiayrar i! . * be 
} \ iy W 
; ine \s \ ¥, \ yy S 
\ Y) \ \\| . . ‘ | 
NI We \ ly / 14 \ I/y 
\ (XZ i // “G 
RN AN ZEN 


\\Y//] 





a c 
0 
Ss 
) 
\ \ 
9 


a YW: 
u 
A u 
\ 
\ 
13 \ 
/ | 
1 


3 ‘ " 





239 


\ VA 
VW Wed 
0 9 


7 4 HY ‘3 
6 | \\ \\ ily } YY ie —_ 
ee - $ WY F 10 ral 
= = 5 WY ——~. 
LG / y \ SS 


=> K ‘ o 2] = 
— ! ‘= KS ~S 
a : -} ii} 5 \ WZ 
= IT EZ 

Z| I ty \VS 


Zh \0| Ay IX “Ky 


4 





j|\| \ 






Will 00), i 

nil janrs* 

ae) \ 

- Ui 
Re 


~ih 


Fic. 4. Tripteroides (M.) melanesiensis Belkin n. sp., typical race. Fourth instar larva; head, thorax and abdominal 
segments I-VI, left dorsal, right ventral; terminal abdominal segments, left lateral aspect. Holotype, Espiritu 


Santo, New Hebrides, tree hole (K-759). 
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variety of artificial containers. At least two 
types are represented. One, from a paint pail, 
resembles Espiritu Santo larvae from bamboo 
and has a very short siphon, long hair 4-X 
and a few short comb scales. The other form, 
from an old tire, contains a variety of larval 
forms, some of which have a much shorter 
hair 4-X, less than 1.5 the length of the anal 
saddle, and the stellate tufts with longer and 
more numerous branches. 

Collections are available from Aneituym and 
Futuna in the southern New Hebrides. The 
populations on Aneituym are quite distinct 
from those on Efate and have been found 
breeding in coconut shells, a tree hole, a tire, 
and a tin can with brackish water. All the 
larvae, except those in brackish water, have 
a long dorsal anal gill and all possess rela- 
tively short comb scales. The tree hole larvae 
have slightly longer, sharply pointed comb 
scales instead of blunt, and a greater number 
of branches in the stellate tufts. The popula- 
tions on Futuna are quite distinct from those 
on Aneituym and have been found breeding 
in a rock hole in coral, a tree hole, a canoe 
and a small ground pool. All the larvae have 
the anal gills shorter, the comb scales more 
pointed, hair 4-X shorter and, except for those 
from the tree hole, a longer siphon. Larvae 
from the different habitats appear to be more 
similar than on the more northern islands and 
surprisingly the tree hole larvae have a shorter 
siphon than any of the others. 

A single collection from a hole in a trunk 
of Araucaria cookii has been examined from 
E. Lifu in the Loyalties. These larvae resemble 
most closely those from New Caledonia and 
have a long siphon and about 30 long comb 
scales (Fig. 54). 

From New Caledonia I have seen five larval 
collections, three of them without habitat 
data, the others from tin cans and from flower 
bracts of palms. One of the larval collections 
without habitat data (La Foa) is probably 
from tree holes since the larvae have the 
characteristic pigmentation and development 
of stellate hairs associated with this habitat. 
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In addition adults reared from larvae col. 
lected in bamboo stubble were examined. Al] 
the larvae fall within the atypical melane:iensis 
complex and exhibit much less variation in 
the length of the siphon and the number and 
character of the comb scales while retaining 
the usual variation in the brariching of the 
stellate tufts. It is possible to segregate the 
New Caledonia populations, along with those 
from E. Lifu and Art Is., from the remaining 
atypical melanesiensis into a southern group 
on the basis of the characters indicated in the 
diagnosis. As will be noted below, the adults 
are also distinguishable. On the other hand 
there appears to be some intergradation of 
characters in the southern New Hebrides. The 
larvae from flower bracts of palms (Fig. 5g) 
appear to be distinct from the others espe- 
cially in the extreme development of the 
dorsal anal gill and may represent a good 
species comparable to the folicola of Espiritu 
Santo. Since I have seen but a single ccllec- 
tion of these larvae and the other material 
from New Caledonia is very scanty, addi- 
tional material is necessary before a decision 
as to the status of this form can be made. 
Finally, I have seen a single larval skin from 
a “rock pool into which assorted debris had 
been flushed by heavy rain” (Laird) on Art 
Island, Belep group (N. W. of New Cale- 
donia). This larva resembles the New Cale- 
donia and Loyalty atypical melanesiensis. 
The adults of melanesiensis are quite variable 
in minor details of coloration. I have not been 
able to correlate any of these differences in 
the adults with the different larval ecological 
forms. Such correlation is particularly difficult 
because of the total lack of individual rear- 
ings. It is not even known whether or not 
some of the individual differences in the larvae 
are sexual. On the other hand geographical 
differences in adult coloration are quite evi- 
dent. The forms in the New Hebrides are 
much darker than in New Caledonia and E. 
Lifu, as indicated in the diagnosis. The ma- 
terial from the southern New Hebrides is too 
scanty to determine whether or not this char- 
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Fic. 5. Tripteroides (M.) melanesiensis Belkin n. sp., typical and atypical races. Fourth instar larvae; a, g, 4, 
a terminal abdominal segments, left lateral aspect; bf, comb scale, pecten tooth and left lateral aspect of siphon. 
% 4, Espiritu Santo, New Hebrides, cut bamboo (K-788); 6, Efate, New Hebrides, tree hole (K-1); c, Aore, New 
Hebrides, tree hole (K-941); d, Espiritu Santo, New Hebrides, tree hole (K-794); e, New Hebrides (W. J. Perry); 
f, Aessi, New Hebrides, coconut shell (K-795); g, Tinchialet, New Caledonia, ‘“‘palm-bracts’’ (L. E. Cheesman); 
[- b, E. Lifu, Loyalties, Araucaria trunk (L. E. Cheesman). 
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acter exhibits a north-south cline but my 
impression is that there is a sharp break north 
of the Loyalties. 

To summarize: T. melanesiensis has a wide 
variety of larval habitats over its entire geo- 
graphical range. It is found generally in tree 
holes and artificial containers of many types 
as well as in dead plant material, such as 
coconut shells, cut bamboo and cacao pods. 
It can also utilize for breeding, at least tem- 
porarily, small ground pools and rock holes. 
Also it has been reported breeding in bamboo 
stubble. As has been noted above, the larvae 
reported from “‘palm-bracts’’ may represent a 
distinct species. T. melanesiensis apparently 
tolerates brackish water as well as water with 
high organic content such as in septic tanks. 
Distinct larval morphological features are as- 
sociated with the type of larval habitat at 
least over part of the range. Thus tree-hole 
breeders generally have a longer siphon; 
shorter anal gills; darker pigmentation; a 
greater development of stellate tufts, acces- 
sory siphonal hairs and pecten teeth; and 
longer and more pointed comb scales. Breed- 
ers in coconut shells, bamboo and cacao 
pods represent the other extreme, while 
the larval forms from artificial containers 
are intermediate but are generally closer to 
the tree-hole breeders. On the other hand 
parallel ecological types in different portions 
of the range are usually distinct in other fea- 
tures, indicating in all probability distinct 
isolated genetic stocks on practically every 
island. There appears to be a sharp demarka- 
tion between the populations in the New 
Hebrides and those to the south, not only in 
larval but also in adult characters. In New 
Caledonia and adjacent islands the different 
larval ecological types are quite similar while 
in the New Hebrides, particularly in the north- 
ern islands, the ecological types are more 
numerous and are sharply differentiated from 
each other. 

Attempts to segregate these various forms 
into ecological or geographical races are com- 
plicated by the fact that me/anesiensis is a very 
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plastic species for there is a great des! of 
individual variation within single collect:ons 
as well as in different collections from the 
same habitat in at least some geographical 
areas. Differences in the development of stel- 
late hairs, metathoracic spine, anal gills, comb 
scales, pecten teeth, length and shape of si- 
phon, number and branching of accessory 
siphonal hairs are sometimes so striking that 
larvae from a single collection may appear to 
represent a very distinct species. Furthermore 
it is very likely that there is some contamina- 
tion and mixing of local races through human 
agency. With the scanty material and the 
many geographical and ecological gaps it does 
not seem worthwhile to distinguish at the 
present more than the clearly marked sypical 
race in the northern and central New Hebrides, 
the northern atypical races throughout the New 
Hebrides, the southern atypical races in New 
Caledonia, Loyalties and probably Belep 
group, and the ‘‘palm-bract’ race in New 
Caledonia. 


Distribution 


New HEsrIDES, Espiritu Santo: 3L, 3M, 7F 
(K-755), 10 miles north of Bomber 3, Sept. 
5, 1943 in cut bamboo shoots (K. L. Knight); 
94L, 16M, 19F (K-759), Segond Channel area, 
Sept. 21, 1943, tree holes (K. L. Knight, J. G. 
Franclemont, JNB); 3M, 4F (K-774), stream 
north of Bomber 3, Sept. 14, 1943, cut bam- 
boo shoots (K. L. Knight); 2L, 1M (K-781), 
Base 6 Hospital, Segond Channel, Oct. 10, 
1943, cut bamboo shoots (K. L. Knight); 
15L, 6M, 10F (K-785), north of Bomber 3, 
Oct. 17, 1943, cut bamboo (R. L. Ingram, 
J. Laffoon); 23L, 4M, 6F (K-788), Segond 
Channel area, Oct. 23, 1943, cut bamboo 
trunks (R. L. Ingram); 1F (K-790), Segond 
Channel area, Oct. 25, 1943, tree holes (J. 
Laffoon); 30L, 5M, 4F (K-794), Turtle Bay, 
Oct. 24, 1943, tree hole (R. L. Ingram); 1L 
(K-935), Sarakata Valley, July 29, 1943, foul 
water in cold storage house (K. L. Knight); 
3L (K-946), Segond Channel area, Aug. 15, 
1943, tree hole (R. L. Ingram); 3L, 1P, 1M, 
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Big Bay, Aug., 1925, tree holes (P. A. Bux- 
ton); 2L (W. J. Perry); 1M, 1F (No. 1), 1M, 
3F (No. 24), South Pacific Serial 13 [USNM, 
BMNH, CU, JNB]; Hog Harbor and Big 
Bay, eleven larval collections in tree holes 
and cavities in buttress roots (Buxton and 
Hopkins, 1927). Aess#: 15L (K-795), 1943, 
coconut shell (K. L. Knight) [(USNM]. Aore: 
3L (K-941), Aug. 6, 1943, in open water- 
filled convolutions on cerba trees (K. L. 
Knight) [USNM]. Tatuba: 6L, 2P (L-4), Aug. 
22, 1952, in pods of cacao (Dr. & Mrs. M. 
Laird) [USNM]. Pentecost: Lamalana, larvae 
in rot-hole (Buxton and Hopkins, 1927). 
Malekula: Bushman’s Bay, larvae in deep 
cavity between main branches of a Poinciana 
tree; Tisman, several females in crab holes 
(Buxton and Hopkins, 1927). Efate: 2L, 6M, 
SF (K-1), La Colle airport, Aug. 27, 1942, 
adults in pocket of water in root convolutions 
of banyan; 1L (K-4), water with much organic 
debris on top of gas barrel; 1L (K-67), 
Manouri Pt., near shore of Hearne Lake, 
Sept. 21, 1942, in convolution of banyan tree; 
2L (K-136), Airport area, Oct. 27, 1942, reek- 
ing water in bottom of paint pail; 14L, 1P, 
1M (K-310), Vila, seaplane base, Jan. 1, 1943, 
old tire; 1M (K-311), Vila, Jan. 15, 1943, 
septic tank; 1F (K-421), Tagabe and La Colle 
River areas, Feb. 1, 1943, adults in tents; 1M, 
1F (K-425), Malafoa, Feb. 5, 1943, tin can 
with much dirt and fine debris; 1M, 1F 
(K-456), Vila, Feb. 8, 1943, fire barrel; 1M 
(K-551), March 2, 1943, top of oil drum; 2P 
(K-572), deserted native village, March 7, 
1943, tin can with wood and leaves; 2M 
(K-750), Malapoa Point, April 26, 1943, road 
rut, water muddy and with a few leaves (K. 
L. Knight); 1M, 1F, 1943 (L. J. Dumbleton); 
2L, March 13, 1943, mud puddles in camp 
[USNM]. Aneityum: 4L (B2), GL (B4), Anel- 
gauhat, Aug. 4 and 5, 1952, coconut shell 
pierced with small hole for drinking; 5L (F5), 
elev. 560 ft., Feb. 2, 1953, slit in tree trunk; 
2L, 2P (F10), Anelgauhat, Feb. 18, 1953, 
truck tire; 3M (XG), Anelgauhat, Feb. 25, 
1953, resting inside truck tire; 10L, 3M (X8), 
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Anelgauhat, Feb. 26, 1953, coconut shell 
pierced with small hole for drinking; 7L (X9), 
Anelgauhat, Feb. 26, 1953, tin can near shore, 
brackish water (Dr. and Mrs. M. Laird) 
[USNM]. Futuna: Mission Bay, 2L, 2P, 1M, 
2F (H5), Feb. 20, 1953, ground pool; 10L, 
1P, (H6), Feb. 20, 1953, pot hole in block 
of coral on cliffs; 2L (V2), Feb. 21, 1953, tree 
hole; 5L (V6), Feb. 23, 1953, water in beached 
canoe (Dr. and Mrs. M. Laird) [USNM]. No 
locality: 20L (NH-6), June, 1944 (L. Jackow- 
ski, R. E. Kuntz); 2L (W. J. Perry); 1M, 2F, 
1944 (McGhee) [USNM]. 

LOYALTY ISLANDS, E. Lifu: 14L, 2P, 10M, 
12F, Cap des Pins, Nov. 18, 1949—Jan. 18, 
1950, larvae in hole in trunk of Arauncaria 
cookii (L. E. Cheesman) [BMNH]. 

BELEP GrouP, Art Is.: 1L, 1P (R3), Nov. 
30, 1952, rock pool into which assorted debris 
had been flushed by heavy rain, pupa died 
(Dr. and Mrs. M. Laird) [USNM]. 

NEw CALEDONIA, Bouloupari: 3M, 3F, July 
31, 1944 (W. Crabb) [USNM]. Bourail (APO 
25): 25L, SP, 9M, 5F, July 18, 1944, larvae 
in tin cans; 10M, 11F, Aug. 17, 1944, larvae 
in bamboo stubble (A. R. Gaufin) [USNM]. 
La Foa: 11L (F-8), Jan. 20, 1945 (H. E. Mil- 
liron); 7M, 1F, April 8, 1945 (Pletsch & 
Remington )|USNM]. Tinchialit: 16L,4P,12M, 
18F, Aug. 22-Sept. 10, 1949, larvae in flower 
bracts of palms, elev. 2020 ft. (L. E. Chees- 
man) [BMNH]. No locality: 1L (81-949), 24L 
(81-961), Feb. 6, 1945 (Gude) [USNM]. 


4. T. (M.) rotumana (Edwards, 1929) 
Fig. 6 


1929. Rachionotomyia rotumana Edwards, Bul. 
Ent. Res. 20: 337-338. Types: holotype 
male, paratypes 1M, 5F (larva and pu- 
pa), Rotuma Is., April, 1928 (W. D. 
Carew) [BMNH]. 


1932. Tripteroides (M.) rotumana. Edwards, 
Genera Insectorum 194: 77. 


1943. Tripteroides (M.) rotumana. Paine, Fiji 
Dept. Agr. Bul. 22 (rev.): 9. 
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1944. Tripteroides (M.) rotumana. Lee, Atlas 
Mosq. Larv. Australasian Reg. p. 23. 

1944. Tripteroides rotumana. Knight, Bohart 
and Bohart. Keys Mosq. Australasian 
Reg. pp. 19, 67. 

1946. Tripteroides (M.) rotumana. Lee, Linn. 
Soc. N. S. W., Proc. 70: 267. 


Diagnosis 
c 


ADULTS.—Abdominal tergites II1I-VII with 
basal lateral creamy spots, larger and just 
visible dorsally on distal segments; lower 
sternopleural bristles absent (Edwards, 1929). 

PUPA.— Pigmentation light except for dark 
brown cephalothorax, base of abdomen and 
intersegmental areas; trumpet uniformly dark; 
integumentary abdominal sculpturing distinct 
only on darker areas. Trumpet nearly parallel 
sided, index 4 or more; width at basal 0.1 
nearly equal to that at middle; pinna about 
0.20. Hairs 5-IV—-VI(1); 2-II-VII(1); 1-II(ir- 
regularly dendritic); 1-IV-VI(3—Sb). Paddle 
index about 1.66; midrib narrow; inner and 
outer margins with one distinct dorsal row 
of long spicules. 


LARVA.—Head capsule bright yellowish 
brown; integument of thorax and abdomen 
light yellowish brown. Head width about 1.04 
of length, greatest caudad of eye; hairs 
14-C(1, thin), 15-C(8-13b, thin, secondarily 
branched). Thorax and abdomen with con- 
spicuous, thin, moderately or poorly devel- 
oped stellate hairs. Thoracic hairs: 1-P(5—9b, 
shorter than 3-P); 2-P(1, longer than 3-P), 
3-P(2,3b), 5-P(1, less than twice as long as 
longest 3-P branch), 7-T(2b, hairlike not 
spinelike), 9-T(11-13b), 13-T(10, 11b; large 
and with uneven branches). Abdominal hairs: 
0-II-VII, 2-I-VIII, 14-II—VI(stellate tufts); 
14-VII(1, small or minute); 8-VII(3b; small, 
not stellate); 1,5,9,10,13-I-VII (stellate; usu- 
ally 5-7b). Comb scales about 20; blunt and 
distinctly fringed apically; minutely fringed 
laterally. Siphon index about 2.3; pecten teeth 
(about 7 on each side; narrow, sharply pointed 
and often with minute spicules laterally; about 
as long as or longer than longest comb 
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scale); hair 1(4b), la(usually 10, mostly *)), 
2a(usually 5, mostly 3b). Anal segment: dor- 
sal gill about 1.2 of saddle; ventral gill about 
0.8 of saddle; hair 1(1, heavy), 2(8b), 4( ib 
about 3.1 of-saddle). 


, 


Description 


ADULTS.—Apparently very similar to me/a- 
nesiensis except for diagnostic characters. | 
have not seen any specimens. 


puPpA.—Abdomen: about 2.6 mm. Trum- 
pet: 0.32 mm. Paddle: 0.43 mm. 
Cephalothorax: Moderately blackish brown, 
darker on wing case. Trumpet uniformly dark 
blackish brown; length about 4.2 median 
width; basal 0.12 gradually narrowed to ex- 
treme base which is about 0.3 of median 
width; beyond basal 0.12 parallel sided except 
for slight constriction at about 0.5; inner wall 





Fic. 6. Tripteroides (M.) rotumana (Edwards, 1929). 
Fourth instar larva; terminal abdominal segments, left 
lateral aspect; considerably distorted through com- 
pression. Rotuma (W. D. Carew). 
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distinctly separated to apex; tracheoid on 
mesal surface of basal stalk; reticulate indis- 
tinct, without conspicuous spicules; pinna 
about 0.20. Hairs moderately to heavily pig- 
mented. Hairs: 1(2b, very long), 2(2b, one 
branch secondarily forked; about 0.26 of 1), 
3(2b, each secondarily 2f), 4(3b), 5(5b), 6(1), 
7(2b), 8(1,2b, long), 9(1), 10(1), 11(1), 12(1, 
2b). 

Abdomen: Lightly pigmented except for mid- 
dorsally proximad and on intersegmental 
areas; integumentary sculpturing distinct on 
darker segmental areas only. All hairs moder- 
ately to darkly pigmented. Segment 1: hair 
\(about 22 primary branches arising from 
short expanded base, secondarily branched or 
fringed), 2(1), 3(1), 4(1, thin), 5(2—4b), 6(2b), 
7(1), 10(2b). Segment 2: 0(1, minute), 1(9, 
libd, with long central stem irregularly den- 
dritic), 2(1, thin, laterad of 1), 3(1, long), 
4(4b), 5(2b), 6(1, shorter than 3), 7(1), 10(3b, 
ventral), 12(1), 14(not seen.) Segment 3: hair 
0(1, minute), 1(5,6b), 2(1), 3(1), 4(2,3b), 
5(3b), 6(3b),7(1), 8(2b), 10(3b),11(3b),12(1), 
14(1). Segment 4: hair 0(1, minute), 1(4,5b), 
2(1), 3(3b), 4(1), 5(1), 6(2b), 7(1), 8(3b), 
10(2b), 11(4b), 12(1), 14(1). Segment 5: hair 
(1, minute), 1(3-Sb), 2(1), 3(2-3f), 4(2b), 
5(1), 6(3b), 7(1), 8(6b,f), 10(3b), 11(1), 12 
(1), 14(1). Segment 6: hair O(1, minute), 
1(4b), 2(1), 3(2b), 4(3b), 5(1), 6(2b), 7(1), 
8(5b,f), 10(2b), 11(2b), 12(1), 14(1). Segment 
7: hair 0(1, minute), 1(mot seen), 2(1), 3(1), 
4(1), 5(4b,f), 6(2b), 7(11b), 8(2b), 10(2f), 
11(1, 2f), 12(1), 14(1). Segment 8: hair 0(1,, 
5(1, reaching slightly beyond middle of pad- 
dle), 7(20-24b), 14(1). Segment 9: dorsal lobe 
extending to 0.33 of paddle, hair 1 apparently 
not developed. Paddle width about 0.6 of 
length; lightly pigmented; midrib narrow and 
strongly sclerotized, evanescent apically; ex- 
ternal margin strongly sclerotized in basal 
half; apical half of external and internal mar- 
gins with distinct long spicules, longer distad; 
hairs absent. Male genital lobe extending to 
about 0.8 of paddle. 


LARVA.— Head: 0.85 mm. Siphon: 0.60 mm. 





Anal saddle: 0.26 mm. 

Head: Width about 1.04 of length, widest 
cephalad of eye; pigmentation a uniform 
bright yellowish brown; sculpturing indis- 
tinct; mental plate dark brown, large, with 
about 17 teeth, median teeth not strongly 
differentiated; gula long, broadened caudally, 
maxillary sutures diverging caudally. Hairs 
of head capsule same color as integument or 
slightly darker. Chaetotaxy as in melanesiensis 
except as noted; hairs 4, 5 and 6 more mesal, 
8(2f), 11(a single spike or 2b), 12,13(1), 14(1, 
thin), 15(8-13b, long thin branches, some 
secondarily branched). Antenna about 0.28 

0.30 of head; width at middle about 0.15 of 
length; shaft hair at about 0.6; pigmentation 
and integumentary sculpturing as on head 
capsule. Antennal hairs same color as inte- 
gument; hair 1(2b), all others single; 6-A 
long, slender, reaching beyond base of trans- 
parent part of 5-A. 

Thorax: Integument light yellow brown; hairs 
darker than on head capsule; tubercles light 
yellow brown; stellate hairs moderately well 
to poorly developed, branches of equal or 
unequal lengths, usually blunt and ending 
in two minute points, shafts usually smooth; 
larger single hairs smooth; hair arrangement 
generally as in melanesiensis except as noted. 
Prothorax: 0(5b), 1(5-9b, long but shorter 
than 3-P), 2(1, longer than 3-P), 3(2,3b), 
4(5b), 5, 6(1), 7(5-7b), 8(5, 6b), 9(4-6b), 
10(1), 11(1), 12(1), 13(9-11b), 14(5-7b). 
Mesothorax: 1(4-6b), 2-7(1), 8(3-Sb), 9 
(10b), 10(1), 11(1), 12(1), 13(4b), 14(4b). 
Metathorax: 1(4b), 2, 3(1), 4(3b), 5(Sb), 6(1), 
7(2b; principal branch straight, hardly swol- 
len, not spinelike; smaller branch from 0.6 
to almost as long as principal), 8(3b), 9(11 

13b), 10(1), 11(1), 12(1), 13(10,11b; very 
strong, branches unequal). 

Abdomen: Pigmentation and stellate hairs as 
on thorax; chaetotaxy generally as in mela- 
nesiensis; stellate tufts generally with less than 
10 branches, usually 5-7b. Hair 14-II-VI 
usually stellate, 2-Sb, occasionally a single 
large spike; 14-VII minute or small, single. 
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Hair 8-VII not stellate, small, usually 3b. 
Hair 6-I-I1(4,3b, occasionally 2b), 6-III-VI 
(2b,1), 7-I-I1(3,2b). Terminal abdominal seg- 
ments as in Figure 6. 
Discussion 

Apparently this species has been collected 
only once. I have seen three whole larvae and 
two pupal skins through the courtesy of Dr. 
Mattingly. Much more material is needed 
before the range of variation in the chaeto- 
taxy of this species can be determined but 
there is little doubt that rotumana is a member 
of the caledonica complex. It is interesting to 
note that rotumana is the most isolated mem- 
ber of this complex geographically and that 
it is the only one that has developed striking 
differential adult characters. On the other 
hand, in the immature stages it has not de- 
parted markedly from the general pattern in 
the complex, certainly not as much as cale- 
donica. There is no data as to the larval habitat. 
The short siphon and the poor development 
of the stellate hairs in the larvae of rotumana 
that I have examined suggest that these larvae 
were not tree hole breeders but this is con- 
tradicted by the small size of the anal gills 
and the branching of hairs 1 and 2 on the 
anal segment. The three larvae exhibit con- 
siderable variation in the development of the 
stellate tufts. Since these larvae were probably 
collected in a single breeding place, this varia- 
tion suggests that rotumana may also show 
environmental modifications in different hab- 
itats. 


Distribution 


ROTUMA ISLAND. Larvae collected Apr., 
1928 (Dr. W. D. Carew), reared in Suva, Fiji, 
by R. W. Paine [BMNH]. 
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Two New Pelagic Tunicates from the Eastern Pacific Ocean’ 


LEO D. BERNER? 


THE SPECIES here named Cyclosalpa strongylen- 
teron was first noted in a plankton sample 
taken at station 194 of Scripps Institution of 
Oceanography (SIO) cruise Shellback (SB). 
This species has since been identified from 
seven other Shellback stations and from four 
Marine Life Research (MLR) stations. 

Cyclosalpa pinnata quadriluminis, though not 
previously named, has been described by Ihle 
(1910: 18-19) and Komai (1932: 69-70) as 
an aberrant form. In the MLR area, which 
extends from the Columbia River to the 
southern tip of Baja California and four hun- 
dred miles out to sea, this subspecies has been 
taken in such numbers and so consistently 
that a re-examination of these presumed aber- 
rant individuals is felt necessary. Here for the 
first time it is named and reported in large 
numbers. 

The following material, upon which part of 
the descriptions herein are based, has been 
deposited in the U. S. National Museum: 


1. Cyclosalpa strongylenteron, aggregate genera- 
tion, HOLOTYPE, 1 specimen U.S.N.M. 
11281. 


. Cyclosalpa strongylenteron, solitary genera- 
tion (embryo), PARATYPE, 1 specimen 
U.S.N.M. 11282. 


. Cyclosalpa strongylenteron, aggregate genera- 
tion, PARATYPES, 10 specimens U.S.N.M. 
11283. 

' Contribution from Scripps Institution of Oceano- 
graphy, New series No. 762. Manuscript received June 
21, 1954. 

_* Scripps Institution of Oceanography, University 

of California, La Jolla, California. 
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4. Cyclosalpa pinnata quadriluminis, aggregate 
generation, HOLOTYPE, 1 specimen U.S. 
N.M. 11284. 


. Cyclosalpa pinnata quadriluminis, aggregate 
generation, PARATYPES, 5 specimens U.S 
N.M. 11285. 


I wish to express my thanks to Drs. M. W. 
Johnson and C. L. Hubbs for their advice in 
preparing this manuscript and to Dr. Paul 
Friedlander for his assistance in naming the 
animals. 


Cyclosalpa strongylenteron new species 


The aggregate generation of this species 
was first recognized in a sample taken at SIO 
SB station 194, 0° 01.5’ S and 99° 08.5’ W. 
In a subsequent preliminary survey it was 
found at seven other SB stations and at four 
MLR stations (Fig. 8). Embryos of the soli- 
tary generation have been observed at MLR 
stations 11—120.80 and 35—110.60. The details 
of these individuals were almost completely 
obscured by a granular appearing mantle but 
the stolons were well preserved and the details 
of well-developed aggregate individuals could 
be readily determined. 


Cyclosalpa strongylenteron, aggregate generation 


The aggregate generation of this species 
shows characters quite similar to those of the 
aggregate generation of four other species. 
The musculature resembles that of C. pinnata, 
the major difference being the presence in C. 
strongylenteron of a large dorsal visceral muscle 
and only two sphincters on the lower lip of 
the oral opening. It resembles C. affinis in the 
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convoluted formation of the dorsal tubercle 
and the looped nature of the gut. The caecum 
is large and projects posteriorly much like 
that found in C. bakeri. The arrangement of 
the testis is reminiscent of that found in C. 
virgula in that it extends back from the center 
of the gut loop in a long slender pouch. 


The terminal openings and long muscular 
peduncle differentiate this species from all 
other members of the genus Cyclosalpa except 
C. pinnata and C. bakeri. The absence of light 
organs differentiates C. strongylenteron from 
C. pinnata and the convoluted dorsal tubercle 
and formation of the body muscles distin- 
guish it from C. bakeri. 


Body: (Fig. 1) The general shape of the 
body is much like that of the aggregate gen- 
eration of C. affinis. The size is from 2 to 100 
mm. The test is soft, thick and very easily 
stripped from the animal. The atrial and oral 
openings are terminal. Many specimens have 
the dorsal portion of the body covered with 
a granular material which makes the details 
of structure difficult and sometimes impos- 
sible to see. 


AO 


VM 





Fic. 1. Cyclosalpa strongylenteron, aggregate genera- 
tion. AO, Atrial opening; C, caecum; DT, dorsal tubercle; 
GG, dorsal ganglion; IM, intermediate muscle; L;-Le, 
sphincters of the lower lip; M, oral opening; OE, oeso- 
phagus; PD, peduncle; T, testis; U,-U;, sphincters of the 
upper lip; vM, dorsal visceral muscle; vm’, ventral 
visceral muscle; 1-1v, body muscles. 
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Light organs: Light otgans are absent 


Muscles: (Fig. 1) There are four body mus. 
cles arranged much like those of C. pinnata. 
All the body muscles are continuous across 
the dorsal midline, while ventrally only mus- 
cle IV is continuous with its mate from the 
opposite side. Body muscles I and II are in 
contact both dorsally and ventrally, extending 
ventrally into the peduncle as the paired 
posterior peduncle muscles. Muscle IV gives 
off two branches, the first the ventral visceral 
muscle, originates ventrolaterally and extends 
back along the intestine. The second, the 
dorsal visceral muscle, originates just below 
the lateral midline and extends posteriorly 
and ventrally into the center of the loop 
formed by the gut. Just above the origin of 
the dorsal visceral muscle the atrial retractor 
attaches to muscle IV; from whence it extends 
back to insert into the first, and strongest, 
atrial sphincter. The atrial sphincter muscles, 
which number about 13, are unbranched and 
form complete loops. 


The oral musculature closely resembles that 
of the aggregate C. pinnata. There is a single 
oral retractor which passes forward, external 
to the intermediate muscle, and bifurcates to 
form the two sphincters of the lower lip. The 
upper lip has three sphincters, the first ori- 
ginates from the first sphincter of the lower 
lip just after its formation. The second and 
third originate from the intermediate muscle 
just above the point where it is crossed by the 
oral retractor. From the point of origin of the 
sphincters the intermediate muscle bends back 
to attach to the dorsal portion of the first 
body muscle. The horizontal muscle extends 
from the intermediate muscle, just before the 
junction of that muscle with body muslce I, 
to a point on the third sphincter of the upper 
lip about midway between its origin and the 
dorsal midline. Ventraliy the intermediate 
muscle joins its mate from the opposite side 
to form a V which extends into the peduncle 
as the anterior peduncle muscle. 
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Dorsal tubercle: (Fig. 2) The dorsal tubercle 
is much twisted, forming an almost closed 
irregular ring. 

Internal structure: The gut approaches in 
shape most closely that found in the aggre- 
gate generation of C. affinis. It forms a large 
loop which lies outside the body in a large 
protuberence, the postabdomen. The wide 


Mm 





FiG. 2. Cyclosalpa strongylenteron, dorsal tubercle. 


flairing oesophageal opening is on the right 
side of the body at the base of the gill. The 
anus is on the left side slightly above the 
oesophageal opening. There is no stomach- 
like enlargement of the intestine. The caecum, 
similar to that in C. bakeri, is extremely well 
developed, originating just behind the open- 
ing of the oesophagus and extending back 
at least as far as the end of the postab- 
domen. The duct of the intestinal gland, 
which empties into the intestine just after the 
origin of the caecum, passes across the gut 
loop and branches over the distal portion of 
the intestine. The endostyle extends from be- 
low the bifurcation of the oral retractor to the 
area of the oesophageal opening. The heart 
is below and slightly anterior to the opening 
of the oesophagus. The ganglion is quite 
similar to that of the aggregate C. pinnata. 
The testis is in a slender pouch extending 
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posteriorly from the region midway around 
the gut loop. It may be as much as three 
times as long as shown in Figure 1. The vas 
deferens extends across the gut loop and up 
into the region just anterior to the atrial 
opening. The ovary lies just behind muscle 
III. The oviduct passes forward to a point 
near the anterior border of that muscle. 


Cyclosalpa strongylenteron, solitary generation 


The solitary generation of this species has 
to my knowledge been taken only twice: 
seven embryo individuals, with well-developed 
stolons, at MLR station 11—120.80 and one 
embryo at MLR station 35—110.60. These all 
have the same granular appearance seen in 
some aggregate individuals. Here the granular 
appearance is so well developed that it con- 
ceals many details of structure. So little of the 
details of the body muscles of the solitary 
generation can be determined, due to con- 
cealment by this granulation, that it is im- 
possible to compare them, except in a general 
way, with those of existing species. 

Body: (Fig. 3) Length 25 mm. The body is 
cylindrical with the oral and atrial openings 
terminal. There are two well-developed ventral 
languets below and just posterior to the oral 
opening. The test appears more ridged than 
that of the aggregate form. 





Fic. 3. Cyclosalpa strongylenteron, embryo of solitary 
generation. AO, Atrial opening; DT, dorsal tubercle; 
GG, dorsal ganglion; H, heart; K, eleoblast, M, oral 
opening; PL, placenta; sT, stolon; VL, ventral languets. 


| 
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Fic. 4. Cyclosalpa strongylenteron, solitary generation, 
oral musculature. DT, Dorsal tubercle; GG, dorsal 
ganglion; IM, intermediate muscle; L;-L;, 
the lower lip; M, oral opening; OR, oral retractor; 
U1-U,, sphincters of the upper lip; vL, ventral languet. 


Light organs: It could not be determined 


whether or not light organs were present. 


Muscles: (Figs. 3 and 4) There appear to be 
seven body muscles arranged in a manner 
much more complicated than in other species 
of the genus. All the body muscles are in- 
terrupted ventrally and appear to form two 
bundles dorsally. 

The oral musculature could be determined 
on the embryo taken at station 35—110.60, it 
is more complicated than that of any of the 
other cyclosalpas (Fig. 4). There are five 
sphincters on the lower lip and four on the 
upper lip. There is a single oral retractor which 
passes forward external to the intermediate 
muscle and bifurcates into a dorsal and a 
ventral portion. The dorsal portion continues 
forward to form the first ventral oral sphincter 
(Li), midway along its course a small muscle 
branches off to form Le. The ventral branch 
of the oral retractor gives off a thin branch, 
just after its formation, which continues for- 


sphincters of 
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ward to form L3. The remaining porti: a of 
the ventral branch then bifurcates to form 
Ly and L;. The first two sphincters ©: the 
upper lip, U; and Us, originate from th: 
sphincter of the lower lip midway be 
its origin’ and the origin of Le. Us is formed 
from two portions, one coming from U, just 
as it emerges from under the oral retractor 
and the other from the oral retractor just 
before its bifurcation. A branch from the 
ventral portion of the oral retractor and an 
independent muscle which runs parallel to the 
intermediate muscle join under the oral re- 
tractor and continue dorsally as Uy. Near the 
dorsal midline U, gives off a branch which 
turns posteriorly and joins the intermediate 
muscle in the region of the dorsal ganglion. 


first 
tween 


Fic. 5. Cyclosalpa strongylenteron, gill and gut of 
solitary generation. AN, Anus; C 


>, caecum; DT, dorsal 
tubercle; G, gill; INT, intestine; OF, oesophageal 
opening. 


The atrial musculature appears to be much 
like that of the solitary C. affinis. 

Dorsal tubercle: The dorsal tubercle is almost 
identical with that of the aggregate form, a 
condition approached but not obtained in 


C. affinis. 


Internal structure: The gut, as is typical of 
all solitary cyclosalpas, is dorsal to the gill, 
but uniquely it overlays just slightly less than 
half the length of the gill (Fig. 5). The wide 
flairing oesophageal opening lies at the ven- 
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b 


Fic. 6. a, Cyclosalpa pinnata quadriluminis, aggregate 
generation, dorsal view showing arrangement of body 
muscles and light organs. Lo, Light organs. b, Cyclo- 
salpa pinnata aberrant form after Ihle (1910). 


tral posterior end of the gill. The narrow 
oesophagus forms a single spiral before con- 
tinuing into the intestine. The first part of 
the intestine is enlarged into what may be 
called a stomach. Two blunt caeca, of equal 


size, project posteriorly from their origin on 
the intestine immediately behind the oeso- 
phagus, on either side of the midline. The 
endostyle extends from the area of the oeso- 
phageal opening to the anterior part of the 
body. The ganglion, much like that of the 
solitary C. pinnata, has a well-developed, 
horseshoe-shaped eye. The heart lies anterior 
and ventral to the oesophageal opening. The 
stolon originates near the heart and extends 
forward to a point half way up the body, where 
it turns directly away from the body. 

Distributional data on C. strongylenteron are 
very scattered since the species has been 
identified from only 12 localities. The range 
is from off the coast of Peru to off the coast 
of Baja California (Fig. 8). Since the surface 
temperatures at these localities ranged from 
14.5 ° C. to 28° C. the species appears to be 
eurythermal. More information on its vertical 
distribution, however, may indicate a more 
limited temperature range. 


Cyclosalpa pinnata quadriluminis 
new subspecies 


Cyclosalpa pinnata (Forskal), 1775, the first 
of the salps described, is probably the best 
known species of the family. It appears also 
to be the most variable, inasmuch as it in- 
cludes at the present time two subspecies in 
addition to the one described in this paper. 

In his report on the Siboga collections Ihle 
(1910: 18-19) figured one aberrant specimen 
of the aggregate generation of C. pinnata that 
had two pairs of light organs instead of the 
usual single pair (Fig. 6b). This aberrant type 
was also reported by Komai (1932: 69-70), 
who found a single specimen in the vicinity 
of Seto, Japan. 

The aberrant type, which is here given the 
name Cyclosalpa pinnata quadriluminis, occurs 
consistently in the plankton samples taken 
by Scripps Institution of Oceanography in 
conjunction with the MLR program. The 
aggregate generation of C. pinnata has been 
found in 49 of 1,158 hauls examined. From 
these hauls 104 specimens of C. pinnata polae 
and 620 specimens of C. pinnata quadriluminis 
have been recorded. No specimens of the 
aggregate generation of C. pinnata pinnata 
have been observed. The subspecies quadri- 
luminis agrees in all respects with the subspe- 
cies polae except that there is an additional 
pair of light organs present in guadriluminis. 


Fic. 7. Cyclosalpa pinnata quadriluminis, aggregate 
generation. LO, Light organs. 
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Fic. 8. Chart showing distribution of Cyclosalpa strongylenteron and Cyclosalpa pinnata quadriluminis. 


Cyclosalpa pinnata quadriluminis, aggregate specimens examined this fusion does not ex- 
generation tend as far as indicated for po/ae by the figures 


Body: (Fig. 7) The body exhibits the typical of Sig] (1912: 66-74) and Sewell (1926: 72). 
shape of the aggregate generation of C. pin- Body muscles I and II fuse ventrally and 
nata but the test is thicker than generally continue into the peduncle as the posterior 
found in the species. The size of the specimens peduncle muscles. The single oral retractor 
ranged from 10 to 50 mm. branches to form the three sphincters of the 

Muscles: The four body muscles are all con- lower lip. Of the three dorsal oral sphincters 
tinuous dorsally. Muscles I and II and mus- the first is an independent muscle while the 
cles III and IV are fused for a short distance second and third originate from the inter- 
over the dorsal midline (Fig. 62). In the mediate muscle just above the point where 
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the oral retractor crosses it. Dorsally the in- 
termediate muscles unite with the first body 
muscle; midventrally they join and continue 
into the peduncle as the anterior peduncle 
muscles. 

Internal structure: The internal structure ap- 
pears to be identical with that of the aggre- 
gate C. pinnata. The gut lies below the endo- 
style, which extends forward to the area of the 
third ventral oral sphincter. The dorsal tuber- 
cle is of typical horseshoe-shape and the 
ganglion with the eye is typical of the species. 

Light organs: (Fig. 6a, 6) It is on the varia- 
tion found in the light organs that this sub- 
species is based. The usual pair of light organs 
is present between muscles II and III but 
there is an additional pair situated between 
muscles III and IV. The second pair of light 
organs is smaller than the first, usually about 
one third as large. 

No characters have been found in indivi- 
duals of the solitary generation examined 
which might indicate that they belong to this 
subspecies. The specimens examined have 
been typical of the solitary form of C. pinnata 
polae. 

Except for the records of Ihle and Komai 
from the Molucca Sea and off Seto, Japan, 
respectively, the known distribution of C. 
pinnata quadriluminis at the present time is 
confined to the area off the California coast 
south of Point Conception and north of Se- 
bastidn Viscaino Bay off Baja California (Fig. 
8). In the area off western North America 
under consideration the subspecies is six times 
as common as subspecies polae. No informa- 
tion is available on the vertical distribution 
of the subspecies. 


SUMMARY 


Two members of the genus Cyclosalpa have 
been described from the eastern Pacific Ocean. 
C. strongylenteron, new species, has been taken 
in 12 localities ranging from off the coast of 
Peru to off the coast of Baja California. C. 
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pinnata quadriluminis new subspecies, previ- 
ously noted by Ihle and Komai is here named 
and reported in large numbers for the first 
time. The range of this subspecies, except for 
the two specimens previously reported, is off 
southern California and northern Baja Cali- 
fornia. 
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